This is a reproduction of a library book that was digitized 
by Google as part of an ongoing effort to preserve the 
information in books and make it universally accessible. 


Google'books ats 


https://books.google.com 


o 


Digitized by Google 


ee Oe ee | Se: 


Digitized by Google 


Digitized by Google 


Pn. 


RECORDS 


oF THE 


SURVEY OF INDIA 


Volume XVI 


(Supplementary to General Report 1920-21) 


ANNUAL REPORTS OF 
PARTIES AND OFFICES 


1920-21. 


PREPARED UNDER THE DIRECTION OF 
Colonel C. H. D. RYDER, C.B., C.I.E., D.8.0., R. E. 


Surveyor General of India. 


DEHRA DON 
PRINTED AT THE OFFICE OF THE TRIGONOMETRIC AL SURVEY 


1922 


Price Four Rupees or Eight Shaltings, 


Digitized by Google | 


lr 

ox Of 
i Bs 
ATG 
37 

V IG 


Photo¢ravure 


awa 
oF, 
: mi 


. ae 


“ay 


) 
Sd 
> & 


4 3 : 
Ls 
—— za 
: i 
. \ 
My 4 ‘, 
t 
. . ig 3 
& y °-, 
. , ss Py 
. * es ' 
- . ‘ 
‘ . = ‘ 
» ; a 


MAJOR JAMES RENNELL, 
BENGAL ENGINEERS, 


SURVEYOR GENERAL OF BENGAL 1767-1776 


Survey of India Offices Calcutta 1922 


Digitized by Google 


Digitized by Google 


Major James Renuel? 
Surveyor 5 Geographer. 


Born 3rd December 1742. BHuried in Weotminater Abbey 
6th Aprif 1830. 


Fellow of the Royal Society 17. Copley medal of the 
Royal Society 1791... Member of the Institute of evance ; of 
the Imperial Ucademy of St. Setersburg ; and of the Royal 
Society of Gottingen. Inotrumental im the forming of the 
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NOTICE. 


MAPS PUBLISHED BY THE SURVEY OF INDIA 
are obtainable ffom the Map Record and Issue Office, 13, Wood Street, 
Calcutta, on the Public Service—on Cash Payment or Book-Transfer, 
and, for private use—on Cash Payment or V. P. P. 
Forest maps are obtainable only from the Officer in charge, Forest 

Map Office, Dehra Dun. 

Geological maps are obtainable from the Director, Geological Survey 
of India, Calcutta. | 


The Survey of India publish maps of the greater part of SOUTHERN ASIA 
between the meridians of 44° and 124° East of Greenwich and between parallels 4° and 
40° north latitude. 


2. Surveys executed after 1905 are classed as “MODERN”, those PRIOR to that date 
are classed as “OLD”. 
3. Maps are printed in two styles or editions c7z., LAYERED and POLITICAL :— 
(a) The LAYERED edition represents a map printed in colours with graduated 
layer tints of colour to show altitudes, and, shading to emphasize the 
hills. This edition gives prominence to the physical features. 
(4) The POLITICAL edition represents a map printed in colours, but without 
eraduated layer tints. Hills are represented by contours and_ shading. 
This edition gives prominence to the Civil Divisions of India which are 
shown by ribands of colour along boundaries of administrative partitions. 


NOTE.—When maps are printed in colours, from nixed or old surveys, the edition is styled “PRELIMI- 
NARY”; and when published in black only or with hills in brown, the edition is styled “PROVISIONAL” issue, 


4. The series of Modern maps are grouped under three Divisions :— 
(I) GEOGRAPHICAL, embracing— 
(a) SOUTHERN ASIA SERIES, scale 1:2,000,000 or nearly 1 inch 
=32 miles, in LAYERED and POLITICAL editions, size 36 inches 
x 2-4 inches, price Rs. 3 per copy. 

(4) INDIA AND ADJACENT COUNTRIES; scale 1:1,000,000 or 
nearly 1 inch = 16 miles, in LAYERED and POLITICAL editions, 
or if from old surveys, as PRELIMINARY editions, size 24 
inches x 19 inches, price Re. 1-8 per copy. If printed on linen-backed 
paper Rs. 2-4. 

(c) INTERNATIONAL MAP OF INDIA, scale 1: 1,000,000 or nearly 
1 inch = 16 miles, in LAYERED edition (without shading of hills), 
size 30 inches x 26 inches, price Re. 1-0 per copy. 

(Il) TOPOGRAPHICAL, comprising maps on: — 

(2) Scate 1 incu = 1 mite, in the POLITICAL edition only, size 24 x 19 
inches, price Re. 1-8 per copy. 

(6) Scare lincu = 2 mites, in the POLITICAL edition only, size 24x 19 
inches, price Re. 1-8 per copy. 

(c) Scare lincu = 4 mites, in the LAYERED and POLITICAL editions, 
size 24x19 inches, price Re. 1-8 per copy, and from old surveys as 


PROVISIONAL issues, price Re. ] per copy. 


NOTE.—Modern Topographical maps printed on linen-backed paper are obtainable for Rs. 2-4 per copye 
Index charts or Key maps to the Geographical and ‘Topugraphical series are obtainable gratis. 


(IIT) GENERAL MAPS which include :— 

(7) GENERAL MAPS OF INDIA, scale 1 inch = 32 miles, in sets of 
12 sheets, each sheet. 25 x 82 inches, in LAYERED and POLITICAL 
(without hills) editions, price Rs. 12 per set, and on seale 1 inch 
=64 miles, POLITICAL edition only, size about 34 feet square, at 
Rs. 6 the copy. Also various maps of India on the same and smaller 
scales and miscellaneous special maps illustrating Railways, &e. 

(4) PROVINCIAL MAPS, on seales ] inch = 16 miles and 1 inch 
= 32 miles. 

(ce) DISTRICT MAPS, on scales ] inch = 4 miles and 1 inch = 8 miles. 

(4) CANTONMENT AND TOWN MAPS AND OTHER MISCEL- 
LANEOUS MAPS, of various scales and prices. 
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5. MAP CATALOGUES can be obtained at ONE RUPEE per copy. 

6. Maps can be mounted on cloth and folded or mounted on rollers for hanging, &c., 
at an extra charge. . 

7. For particular purposes, copies of any map can be supplied in black or black 
and brown on request and at special rates. 

8. Any map, chart or diagram can be reproduced if the applicant submits a 
suitable original drawing. Special rates exist for such work and estimates can be 
given on request. _ 

9. The prices quoted for various maps are exclusive of postage and V. P. P. 
charges. Any further information may be obtained free of charge from the Officer in 
charge, Map Record and Issue Office, 18, Wood Street, Calcutta. 
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PART L—TOPOGRAPHICAL SURVEY. 


Party. 


NORTHERN CIRCLE. 


( Vide Index Map No. 1) 

Summary.—This circle was under the superintendence of Lieutenant-Colonel H.L. 
Crosthwait, C.I.E., R. E., up to the 13th December 1920 and of Lieutenant-Colonel H. 
Wood, R.E., from the 14th December to the close of the survey year. It comprised Nos. 
1,2,3,4 Topographical Parties, No. 3 Drawing Office, Sind-Saear Party and No. 22 (Riverain) 


During the year Nos. 1,2,3 Parties completed 14,411 square miles of detail survey 
on the quarter-inch, half-inch, one-inch, two-inch and four-inch scales, besides 134 square miles 
on larger scales. In connection with the survey on the smaller scales an area of 3,680 square 
miles was triangulated and 593:35 square miles was traversed. 


The detail survey consisted of :— 


159 square miles of quarter-inch revision survey 


1,524 
2,365 

419 
6,870 
1,698 
1,247 

134 


The Sind-Sagar Party and No. 


33 


9) 


99 


99 
39 
39 
3”? 
39 
93 


93 


22 


half-inch original survey 
half-inch revision survey 
one-inch original survey 
one-inch revision survey 
one-inch re-survey 
two-inch original survey 
four-inch revision survey. 


(Riverain) Party continued special work in the 


Punjab for the Local Government. The former carried out rectangulation work in the Sind- 
Sagar Doab and Sutlej Valley, and the latter, the usual riverain surveys in the Punjab. 


No. 4 Party was kept in abeyance as a topographical unit. 


No. 1 PARTY (PUNJAB, NORTH-WEST FRONTIER PROVINCE AND 
UNITED PROVINCES). 


By P. A. T. Kenny, M.B.E. 


The country surveyed, with the exception of a small tract in the Kohat district of 


PERSONNEL, 
Class 1 Officer. 
Major H.T. Morshead, D.S.0., R. E., in charge up 
to 18th March 1921. 


Class II Officers. 


Mr. P. A. T. Kenny, M. B. E., in charge from 19th 
March 1921. 

Major C.H. Tresham. 

Mr. R.C. Hanson. 

A.J. A. Drake, D.C. M., from 25th October 

1920. 

H.. Hughes, from 27th April 1921. 


Upper Subordinate Service. 
Mr. Jamna Prasad, K.S., up to 28th March 1921. 
Muhammad Husain Khan, K.S. 
Vidya Dhar Chopra, from Ist May 1921. 
Afraz Gul Khan. 
Mubammad Khan. 
Jit Singh Rawat. 
Sijawal Khan. 
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Lower Subordinate Service. 


44 Surveyors, etc. 


the North-West Frontier Province, lies wholly in 
the Punjab and comprises parts of the districts 
of Kangra and Simla, and the Chamba, Mandi, 
Suket, Patiala and Simla Hill States. The area 
is traversed by the Chenab, Ravi, Beds and Sut- 
lej rivers and consists for the most part of high 
wooded hills and snowy ranges of the middle and 
outer Himalaya ranges, and partly of low, undu- 
lating, highly cultivated hills of Siwalik forma- 
tion. The altitude ranges from 950 feet on the 
Ravi river to 21,000 feet. This necessitated the 
party working on the hills up to 10,000 feet 
during the winter months; and on the higher 
ranges in the Pangi tahsil of Chamba State and 
the Kuli sub-division of Kangra district during 
the summer, when the snows had melted and 
rendered the higher peaks and glaciers accessible 
to the planetabler. The heavy monsoon rains 
of 1921, and the difficulties of transport in the 
remotef valleys, seriously retarded the progress of 
the survey, and protracted the field season te the 
end of September 1921. 


The headquarters of the party opened at Dehra Dun on 25th October 1920, and 
re-opened at Mussoorie on 29th March 1921. 
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The health of the party was uniformly good; two surveyors, however, died from 
natural causes at their homes while on leave. 

Plane-tabling.—The distribution of the party for earrying out the field programme 
was as follows :— 

No. 1 Camp, under Mr. P.A.T. Kenny, up to the end of February 1921, and then 
under Mr. R.C. Hanson, took up the one-inch revision survey of sheets 52 D/16, 53 A/11.15.16, 
53 E/). 2, and parts of sheets 52 H/3.4, the half-inch revision of parts of sheets 52 H/3.47.8, 
53 E/5.6 9.10.13, the quarter-inch revision of parts of sheets 52 H/12.16,the one-inch original 
survey of parts of 52 D/13.14.15, 52 H/23 and the half-inch original survey of the remaining 
parts of 52 H/23.7.8.11 1n the Mandi, Suket and Simla Hill States of Bilaspur, Bashahr, 
Nalagarh, Baghal, Mailog, Mangal and Kumthar, the Kula subdivision of Kangra district and 
small portions of Simla district and Patiala State. 

No. 2 Camp, under Mr. R.C. Hanson up to the middle of February 1921, and then 
under Mr. A.J.A. Drake, took up the one-inch revision of sheets 43 P/ie6, 52 D/25.6.8.9.10.11 
and parts of 52 C/s.12.16 and D/1.13.14.15 and the half-inch revision of sheets 52 D/4.12 in the 
Kangra district and Chamba State. 

Sheets 52 D/3.7 were also revised, in the first instance, on the half-inch and subse- 
quently on the one-inch scale. 

These two camps also undertook the lil] training of 18 pupil surveyors and the 
services of Messrs. Muhammad Khan, and Sijawal Khan and Survevor Lalbir Singh were 
utilised for this purpose under the two camp officers. Only one of these pupils turned out a 
failure and was discharged on his return from the field. 

A third camp was formed and placed under Mr. Jit Singh Rawat, assisted by two 
surveyors, to take up the eight-inch survey of a proposed cantonment in sheet 38 K/11 in 
the neighbourhood of Doaba Railway station in the Kohat district of the N.W. Frontier Pro- 
vince. The area consisted of a sloping plain or daman at 3,000 feet above sea level, partly 
under cultivation, and partly waste land, covered with scattered bushes and cut up by numer- 
ous dry watercourses. The camp completed the 134 square miles in 3 months and returned 
to field headquarters early in March 1921. The whole area was worked from an entrenched 
camp at the south-west corner of the area, which entailed individual surveyors walking long 
distances daily to reach their ground. One of them was waylafd by hostile tribesmen on his 
return to camp at the end of a day’s work and the 3 sepoys of his escort and a khalasi were 
shot dead. The surveyor was, however, able to save his plane-table section, but lost some of 
his instruments. 

The total area surveyed during the combined winter and summer field seasons amounted 
to 8,4134 square miles distributed as follows :— 

One-inch revision survey of sheets 43 P/ig, 52 D/2.3.5.6.7.8.9.10.11.16, 53 A/11.15.16, 
53 E/i.2 and parts of 52 C/siz.16, D/1.13.1415 and H/s.4; half-inch revision survey of 
sheets 52 D/s3.4.7.12 and parts of 02 H/3.4.7.8 and 53 E/s.6.9.10.13; quarter-inch revision survey 
of parts of sheets 52 H/12.16, one-inch original survey of parts of 52 D/i3.14.15 and H/23 
half-inch original survey of parts of sheets 52 H/»3.7.8.11, eight-inch original military survey 
in 88 K/11. 

The data used was old four-inch and two-inch triangulation executed prior to 1905, 
computed in rectangular co-ordinates and was ample. Great labour, however, was entailed 
in searching through a very large number of computation volumes for this, as none of it 
appears in the published triangulation pamphlets. The work occupied the services of a 
Class II officer and 3 to 4 surveyors during 3 months of the previous recess. The fact that 
the computations were based on more than one origin added to the labour. 

Another Class II officer was employed during 4 months of the previous recess in 
preparing plane-table sections for the field season’s work ; this entailed the thickening up of 
the line work and the 250 and 500 foot contours on the large scale published sheets, as well 
as the pasting up of mosaics of the reductions to form standard sheets. The resulting blue 
print reductions were not always legible and the surveyors concerned spent a few days before 
commencing work on their boards in inking them up in blue with the aid of the original 
large scale maps. 

In addition to the three camps in the field, a large drawing section, supervised by the 
officer in charge and Messrs. Drake and Jamna Prasad, was retained in field headquarters to 


deal with the heavy arrears of the previous recess season’s fair-mapping. 
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As the two camps did not return to recess headquarters till the end of September and 
the early part of October, it was only possible to work out the cost-rates for the different 
classes of survey and not for each scale ( vide Table IIT). 


Triangulation.—Major C. H. Tresham triangulated in advance an area of 2,400 square 
miles, in the Tehri State of the United Provinces falling in sheets 53 I/s.8. 12, 
58 J/i.6.7.9.10.11.13.14.15. A great part of the country is above the tree line, but the lower 
slopes of the inner, and the northern slopes of the outer ranges are generally thickly wooded 
with oak, conifers, spruce and rhododendron. The chief rivers are the Tons, Jumna and the 
Bhagirathi branch of the Ganges—all these and most of their tributaries flow in deep narrow 
gorges. The well-known peaks of Srikanta (20, 120), Sargaroin or Sarganahin (20, 480), 
Bandarpanch ( 20, 720 ), Jaonli (21, 760) and Tharlasagar (22,610), as well as the two 
great Hindu places of pilgrimage, Gangotri and Jamnotri also fall in the area. The highest 
point reached by the observer was 19,600 feet. 


Recess Duties.—The fair-mapping of the current field season’s out-turn was compli- 
cated by the fact that the survey of a large number of the sheets was not completed till late 
in 1921 and also by the legacy of arrears left over from the previous recess. These arrears 
included the difficult and intricate twenty-four-inch survey of Mussoorie (3 sheets), the 
eight-inch guide map of Mussoorie and Landour, the completion of some of the one-inch and 
half-inch sheets of the late Waziristan party, as well as the party’s 1919-20 field programme. 
Owing to the fact that the bulk of the best surveyors of the party, as well as two experienced 
Class II officers, were in the field in the two camps for the best part of a year, a great deal 
of the fair-mapping was executed by pupils who required constant and rigorous supervision, 
which was not always available. 


Mr. Kenny during March 1921, supervised the completion of the Waziristan mapping, 
and later took over charge of the party, when Major Morshead left to join the Mount 
Everest expedition. 


Major Tresham supervised the computation of his triangulation, the fair-mapping of 
sheets 52 D/1.7 and assisted in the final examination of some of the arrears sheets. 


Mr. Drake, assisted by Mr. Jamna Prasad, supervised the fair-mapping of the 1919-20 
arrears up to the middle of February 1921, when he was relieved by Mr. Hanson, who carried 
on till early in March, when he returned to the field. 


Mr. H. T. Hughes, supervised the fair-mapping of sheets 43 P/i6, 53 A/i1.15.16 and 
the completion of the Mussoorie and Landour eight-inch guide map. His section consisted 
almost entirely of pupil surveyors and draftsmen sent to the party for instruction in drawing. 


Mr. Afraz Gul Khan, on return from leave in April supervised part of the arrears of 
mapping up to August, when Mr. Muhammad Husain Khan, K.S., returned from long 
leave and took over his section. 


Mr. Vidya Dhar Chopra, on return from leave in August assisted Major Tresham in 
the computations of the latter’s triangulation. 


Mr. Jit Singh Rawat, on return to field headquarters in March 1921, supervised the 
tracing of his eight-inch military survey and also part of the mapping of arrears, as well as 
that of sheet 52 D/11 of the current field season’s work. 


Owing to the heavy arrears of the previous recess season’s work occupying most of the 
available draftsmen and surveyors, and also to the fact that a number of the best surveyors 
were in the field up to the end of September 1921, the mapping of only 7 of the one-inch 
sheets of the 1920-21 field programme could be taken up during the recess. The mapping of 
the remaining sheets will be earried out during the winter of 1921-22 and the summer of 1922. 


During the recess, the fair-mapping of the three twenty-four-inch Mussoorie sheets 
was completed, as well as that of fourteen one-inch and two half-inch sheets. 


Inspection.—The party was inspected by the Surveyor General and Superintendent 
Northern Circle at field headquarters in March 1921, and twice during recess in April and 
September 1921. The Superintendent Northern Circle also paid weekly visits to the party 
throughout the recess. 
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NO. 2 PARTY (CENTRAL INDIA, DELHI PROVINCE, RAJPUTANA AND 
UNITED PROVINCES). 

By Br. Lt.-Cotonet S. W. S. Hamitron, D. 8S. O., R. E. 


The normal topographical programme of the party was continued. 


PERSONNEL. (a) Original survey on the half-inch scale of 
Class I Ste eu sheet 54 E/sw. 
Bt.-Lt.-Col. 8. W.8. Hamilton, D.8.0., R. E. . 
(6) Re-survey on the one-inch scale of sheets 54 
Class II Officers. 
Mr. C. O. Picard. E/11.15 and 54 I/26.9.13. 
» Duni Chand Puri. (c) Revision survey on the one-inch scale of 
»  Prafalla Kumar Ghosh, B.Sc. (on probation). shoal 54 E/io and 54 Ii 5.10.14 
., 1.0. Threlfall (on probation). rte a 
Upper Subordinate Service. (d) Revision survey on the four-inch scale of 
Mr. Imam Din. Delhi and vicinity, including Imperial 


» Muhammad Husain. 


, Lakshmi Dutt Joshi. Delhi and Delhi New Cantonment. 
.». Daulat Ram Vohra. (e) Traversing for original survey on the one- 
ay: STIR ED: Dae soe ten prepauen): inch scale in parts of sheets 54 J/1.2.5.6.9. 


Lower Subordinate Service. 


48 Surveyors, etc. (f) Traversing for original survey on the sixty- 


four-inch scale in Allahabad city. 


The country surveyed on the one-inch scale consisted of cultivated plains, open and 
easy, except in a few places where trees were numerous. There was a good deal of broken 
ground and occasionally high grass along the banks of the Jumna river, while the banks of 
the Ganges river were much intersected. 


The area surveyed on the half-inch scale also consisted of open cultivated plains and 
included occasional isolated low rocky hills similar in structure to the “Ridge” bordering on 
the west and south-west of Imperial Delhi. 


The head-quarters opened in the field at Agra on the 29th October 1920 and re-opened 
in recess at Mussoorie on the 9th May 1921. The health of the party was excellent. 


Plane-tabling.—As in the previous season, all first year soldier surveyors and pupil 
surveyors in the circle, numbering 4 and 18 respectively, were attached to No. 2 Party by the 
Superintendent for training, in addition to which there were also two Class II and one Upper 
Subordinate officers on probation. The country lent itself well for training purposes, though 
it was not possible to give any real instruction in contouring and the depiction of hill features. 
This latter will be given in the second year of training in other parties working in hilly areas. 


The party was divided into 5 camps as given in the table below :— 


No. of 
Cam soldier 
No. of Name of ees Pf No. of | surveyors, No. of Scale and class of 
camps. camp officer. quarters. surveyors. | pupils and sheets. survey. 
proba- 
tioners. 
1 | Mr. C.O. Picard Bharatpur 4 vr 54 E/sw. | Half-inch original 
29 | Mr. D.C. Puri Muttra 2 10 = |54.B/10.11.15 | One-inch revision 
and re-survey 
3 | Mr. Imam Din Hathras A 9 54 I/1.2.5.6 do. 
4 | Mr. L. D. Joshi Kasganj 5: 6 54 I/9, 10. do. 
13.14 
5 | Mr. C. O. Picard Delhi 4, de Nos. 1, 2, Four-inch 
3, 4 Delhi revision 
Totals rs se | 19 | 25 16 | 


Mr. D. R. Vohra held charge of No. 1 Camp while No. 5 Camp was directly under 
the officer in charge of the party until Mr. Picard joined from sick leave at the end of January. 
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Revision survey was carried out by trained surveyors, while re-survey was done by 
soldier surveyors, pupils and probationers, this class of work having been specially arranged 
for their training in lieu of revision survey. The work was based on old revenue traverse 
data. Plot charts for each one-inch sheet having been made in recess, a convenient area, not 
too difficult but containing as much variation of detail as possible, was selected for each camp. 
This area with its graticules, traversed trijunctions, scales, lists, ete., etc., was plotted from 
the traverse plot chart on to a bristol board in recess, one for each man under training. On 
arrival at party head-quarters, this arrangement enabled each camp to be ready to proceed to 
its area within 8 days. Each camp officer then spent from a month to 6 weeks within the 
area selected, in individual training of his men according to their capabilities, after which and 
when their training had been approved by the officer in charge of the party, men were given 
separate and independent plane-table sections which had meanwhile been prepared and were 
in readiness as required. Each camp officer with men under training was allowed one first 
class surveyor to assist him until his men could work independently and without continual 
supervision, this period varying from 6 weeks to 2 months. 


The work in sheet 54 E/sw. was based on old traverse data supplemented during the 
previous season, while that of Delhi and Vicinity was based on the triangulation specially 
executed for this survey in 1916-17 and on the boundary traverse executed in 1915-16, the 
work being done on vandyked blue prints of the previous last revision. This is the third 
biennial revision of the latter and, as it is probable, it will be the last to be undertaken for 
some time. Except in the detail in the old cantonment and in the contouring of the two 
northern sheets, Nos. 1 and 2, only very minor changes were disclosed other than those due to 
building operations. The rigorous contouring of sheet 54 E/12 on the one-inch scale which 
the experimental wro-survey party was unable to undertake in 1919-20 was completed by 
Mr. D. R. Vohra after he had handed over No. 1 Camp to Mr. C.O. Picard. A line of 
traverse heights joining two trigonometrical stations close to the north-western and southern 
margins on which to base the contouring was run early in the season. 


In order to give a greater usefulness to the published sheets, the heights along main 
canals have been obtained from the various executive engineers concerned and selected values 
have been inserted on the fair maps in such areas in the plains where no other information 
was available, a note to this effect being entered on the plane-table sections. Where possible, 
these have been compared with levelled bench-marks and with heights obtained from traverse 
work done by the party and have been found not to vary by more than two to three feet. 


The cost-rate for half-inch original survey, Rs. 12-1 per square mile, is high, due to a 
small detached camp of poorly qualified surveyors having to bear a large proportion of the 
pay of Mr. Picard, for whom it was inadvisable to alter arrangements at the period of the 
field season that he returned from sick leave. 


No érsangulation was carried out by the party during the year. 


Traversing.—The country traversed in sheets 54J/1.2.5.6.9 for plane-tabling on the 
one-inch scale was largely along the banks of the Chambal river consisting of much broken 
and intersected ground where the subtense bar frequently had to be used. The traverse was 
executed in order to provide points for plane-tablers and considerable difficulty was experienced 
in the more open ground in getting the traversers, who had no knowledge of plane-tabling, to 
understand this and that long lengths were required between stations, from 40 to 60 chains 
being laid down as the average, and that short lengths were a waste of time. These two 
points have somewhat affected the cost-rate. The work was in charge of Mr. Muhammad 
Husain with an establishment of 5 traversers and 5 computers. Computations were carried 
out pars passu with the traverse. On completion the traverse camp was transferred to 
Allahabad where it commenced the traverse of Allahabad city for detail survey on the sixty- 
four-inch scale for the Allahabad Improvement Trust. This traverse was undertaken at the 
special request of the Governor of the United Provinces and will be completed during the 
ensuing field season 1921-22 (scejalxo Part I[l-Special Report). 


Two of the computers remained at head-quarters preparing traverse plot charts on the 
one-inch scale for the ensuing field season, while one of the traversers proceeded on leave. 
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Facr-mapping, arrears.—Half-inch sheet 54 A/gw., the fair-mapping of which was 
practically completed, was taken to field head-quarters for final examination and was sub- 
mitted for publication in February 192]. Two other half-inch sheets, viz. 53 D/nw. and 
D/ne., were also taken to the field. Fair-mapping was done in a tent under difficult condi- 
tions of wind and dust. The sheets got very dirty, work was very slow being in charge of 
an officer in addition to his other duties, which did not allow time for sufficient supervision. 
The arrangement was not a success. 


Recess Dutves.—(a). For the purpose of fair-mapping the party was divided into three 
sections as given in the table below :-— 


No. of 
Name of Section officer. draltsme. No. of sheets. 
etc. 


No. of 
section. 


Scale of fair- 
drawing. 


1 Mr. C. O. Picard 8 53 D/NWw. XE. #-inch 
54 E/Nw. NE. SW. 


9 Mr. D.C. Puri 7 54 E/10. 11. 15 14-inch 
| 54 I/9. 13 
Nos. 1. 2. 3. 4 Delhi 4-ineh 


3 Mr. Imam Din 8 54 E/)2 and 14-inch 
54 1/1. 2. 5.6.10, 14 


One-inch sheets 54 E/i0.11.12.15 and 54 I/t.2.5.6 and _ half-inch sheet 
53 D/xw. have been submitted for publication in September 1921 and the remainder, 
one-inch, half-inch, and four-inch Delhi with the exception of sheet 54 E/NnE. of which 
sheet 54 E/10 was only surveyed in 1920-21, will be submitted before the party leaves for the 
field. No. 2 Party will thus have no arrears of fair-mapping. Sheet 54 E/ne. will be 
submitted during recess 1922. The out-line of 2 sheets, viz:— 54 L/9.10 has _ been 
drawn on contract overtime on the system adopted in No. 3 Party last recess. An estimate 
is made of the number of hours required and the draftsman, who must have first class 
qualifications, 1s then given the sheet to draw entirely out of office hours, being paid his over- 
time on completion. The proviso was however added that any corrections must be carried 
out by him as overtime without payment. This innovation has proved very successful, as has 
also the system of overtime generally which is a valuable reform in the department, and of 
great assistance to officers in charge of parties. The amount expended on overtime payments 
during recess will total Rs. 763. 


A section was also maintained for the training of soldier surveyors and pupils. Nine 
soldier surveyors joined the party for their first year of training on the first June 1921. 


Mr. L. D. Joshi proceeded on sick leave early in June and the services of 
Mr. D. R. Vohra were lent to No. 3 Party for the greater part of the recess. 


(5). A section composed of 3 traversers and 5 computers under Mr. Muhammad 
Husain, and, after he proeceded on furlough in August, under Mr. P. K. Ghosh, has been 
employed throughout the recess in computation and preparation of traverse plot charts from 
old revenue data and from the traverse work of the past season, 1equired for next season’s 
survey on the one-inch scale. ‘The computation of such of the traverse of Allahabad city as 
was finished has also been completed and 78 traverse plot charts for detail survey on the 
sixty-four-inch scale drawn and handed over to the Chief Engineer, Allahabad Improvement 
Trust. Other miscellaneous work has consisted in keeping the party records ete., up to date, 
preparation of bristol boards for training of next year’s pupils, preparation of index maps, 
field progress charts. triangulation charts etc., ete. 


During the recess all data, maps ete., required for the next four years’ programme 
have been obtained and arranged and stored in the office. 


Tuspecttons.—The party was inspected once by the Surveyor General and on numerous 
occasions by the Superintendent, Northern Circle. 
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No. 3 PARTY (UNITED PROVINCES). 
By Captain LL. H. Jackson, I. A. 


The area under survey on the two-inch scale lay in Pauri Tahsil of Garhwal district 

and in the Kumaun hills, and consisted for the most 

PoOnn ees part of densely wooded hills and cultivated valleys. 

reac tle The area under survey on the one-inch scale lay in 
Bt.-Major C.G. Lewis, R.E., in charge up to 


25th October 1920. the Tarai and Bhabar and Nepal, and consisted of 
Captain L.H. Jackson, I. A., in charge from densely wooded hills and plains covered with thick 
26th ens — ee elephant grass and dense forests. 
in E.A. ie, D.8.0., R. E. (on pro- : ‘ 

ene ne : On the 15th November the party arrived at its 
Class II Officers. field headquarters at Bareilly, whence the several 
Mr. E. B. West from 1st November 1920. camps proceeded immediately to their respective 
Te alee areas. The projection and plotting of plane-tables 

» 93. H. Johnson. ; ; : : : 
|, G@.E.R. Cooper, to 30th June 1921. had been carried out previously in Mussoorie. Field 
Upper Subordinate Service. work was completed by the 5th May. Although 
Mr. Laltan Khan I. .8.M. from 25th No- cholera, smallpox, and influenza were prevalent 
vember 1920. during the latter half of the field season, the health of 


Lower Subordinate Service. 


a one 
44 Surveyors, etc. the party was good, the average amount of sickness 


per surveyor being approximately one day in two 
months. Surveyor Muhammad Yakub Khan died while on leave at his home. There were 
two deaths from cholera among menials out of four cases, and one khalasi of the triangulation 
squad was killed by a falling log. 


Plane-tabling.—The programme comprised the survey of sheets 53 J/16, 53 N/4 (part), 
8 (part), 93 O/12.14.15.16, 62 C/3 s. 78 (part). 4. 8N (part). 

The greater part of the area consisted of reserved forests,a survey of which was 
required on the two-inch scale. The forests were distributed throughout the whole area and 
the survey of the intervening non-forest lands on the one-inch scale would have entailed numer- 
ous un-economical changes of scale. Consequently, the whole area was surveyed on the two- 
inch scale, with the exception of 670 square miles in 53 O/1216 and 62 C/4 of which old 
four-inch forest maps were in existence, and which were consequently surveved on the one-inch 
scale. 

The work was distributed in four camps as follows :— 

Captain Glennie—62 C/ss. 7s (part). 

Mr. L. Williams—53 O/15. 16 (part), 62 C/4, 8 (part), 
» J.H. Johnson—53 O/12.14.16 (part). 

” E.B. West—53 J/16, N/4 (part). 8 (part). 

The chief feature of the work was the necessity for surveying the intricate net-work 
of forest boundaries, both exterior, and interior, down to compartment boundaries. Each 
individual pillar had to be shown and its position compared with the gazetted boundary noti- 
fication. When serious discrepancies occurred the notified descriptions were amended and sent 
to the Forest Department for acceptance and rectification. 


| Four soldier surveyors completed their first period of training at the close of the field 
season and three returned to their umts, one being retained for further training. j 

Triangulation.—The programme of triangulation comprised sheets 53 N/g (part). 12.16, 
62 B/4. 8.12, 62 C/1 (part). 5.9 (part) for survey on the two-inch scale. The work was executed 
by Mr. Cooper, who was, however, prevented by snow from crossing the range of hills from 
12,000 to 20,000 feet high, which runs through 62 B/s, C/s and C/9. He was therefore 
unable to complete the triangulation of 62 B/g.i2, C/s (North) and C/g (North). The work 
was considerably impeded by snow from January onwards. The most suitable month for 
triangulating this area would be October. 

Traversing of 44-2 linear miles was carried out in the Nepal portion of 62 C/4, The 
traverse would not prove and was rejected. 

Recess Duties—(a) The fair-mapping was distributed in three sections. 

No. 1 under Mr. West, sheets 53 J/16 N«s, 53 N/4 nas, 58 N/ss, 53 O/16 n, 53 O/16, 
62 C/3s, 62 C/7s. 

No. 2 under Mr. Williams, sheets 53 O/15nxs, 62 C/an, 62 C/gn, 62 C/g, 

No. 3 under Mr. Johnson, sheets 53 O/14nN& 8, 53 O/12 N, 53 O/12. 
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The whole of the mapping was done on the two-inch scale for publication on the same 
scale in a combined public and forest edition, except sheets 53 O/12, O/16, and 62 C/4, which 
were mapped on the one and a half-inch scale for publication on the one-inch scale. The nor- 
thern halves of these sheets were also mapped on the two-inch scale for publication on the 
same scale. Sheets 53 N/4n and 53 N/gs were not taken in hand as more than half the areas 
of these sheets still remain to be surveved. The fair-mapping of sheet 53 N/4s was com- 
menced, but was not completed as a small portion still remains to be surveyed. 


In addition to current mapping, eight arrears sheets, viz. 53 O/9n gs, 53 O/iona&s, 
53 O/11N&8, and 53 O/i3N&s, remained over from last season. Of these, 53 O/i3N&8 had 
been completed and only required final scrutiny by the officer in charge of the party. As 
regards 53 O/on xs and O/10N&8 the drawing and about 50 per cent of the typing only had 
been completed. The fair-mapping of 53 O/11N&5s had not been commenced. All these 
sheets, with the exception of 53 O/i3N«s, were distributed among the three sections, and 
will be submitted before the end of recess. 


Of the current mapping it is anticipated that sheets 53 J/ig6nas, 53 O/lanas, 
53 O/12N, 53 O/12, and 62 C/7s will be submitted by the end of recess. The delay in 
submission of the remainder is due to (1} the fact that the sections employed on them have 
had only a four months recess, (2) the necessity of sending mosaics of certain sheets, viz. 
53 O/isnas, 62 C/4n and 62 C/4 to Calcutta for reproduction. Sheet 62 C/sn is being 
held up pending receipt of necessary information from the Nepal Darbar. 


In order to cope with the mapping, considerable use was made of overtime work. 12 
surveyors, including 2 draftsmen from No. 3 Drawing Office, were placed on the overtime 
list, and it is estimated that approximately 44 sheets on the two-inch scale were completed 
during the extra time. The sheets, both outline and lull, were given out as contract work. 
This method proved advantageous as the sheets were always available for pari passu examina- 
tion by the section officer during office hours. Unfortunately, owing to lack of funds, over- 
time work had to be stopped from the 4th August 1921. If it had been possible to continue 
overtime work up to the end of recess, all the current as well as arrears sheets would have 
been submitted for publication. 


(4) The computations of triangulation were completed in recess. 


Inspections.—The party was inspected once by the Surveyor General in recess, and 
once in the field, and weekly in recess, by the Superintendent, Northern Circle. 


No. 4 PARTY (UNITED PROVINCES). 
By M.C. Perrers. 


The topographical work of the party remained in abeyance, the officer in charge being 
employed on the completion of the fair-mapping 


PERGOSNEL: of two-inch sheets left by No. 3 Party on taking 

Class I Officers. the field, and the final examination and submission 

Captain L. H. Jackson, I. A., in charge up to 4th for publication of two-inch sheets 53 O/sn, 
November 1920. 53 O/ssand 53 O/6n belonging to the same party. 
Mr. J.A. Freemao, in charge from 5th November He also took over the instruction of 12 pupils 
to 14th December 1970. attached to the Northern Circle Office from the 


. H.H.B. Hunby, in charge from 15th Decem- 
? w! 
ber 1920 to 30th January 1921. end of May 1921. 


» M.C. Petters, in charge from 3lst January : 
1921. The surveyors of the party were chiefly em- 


ployed under the Officer in charge No. 3 Drawing 
Office, on fair-mapping, the preparation of colour 
18 Surveyors, etc. guides and other miscellaneous duties. 


Lower Subordinate Service. 


| Inspections.—The party was inspected by the 
Surveyor General and on several occasions by the Superintendent of the Circle during recess. 
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SIND-SAGAR PARTY (PUNJAB). 


By Magsor R. Foster, I. A. 


The party was employed on rectangular demarcation in connection with the Punjab 


PERSONNEL, 
Class I Officer. 


Major R. Foster, J. A., in charge from 3rd Novem- 
ber 1920 ufternoon. 


Class II Officers. 


Mr. Dhani Ram Verma, in charge up to 3rd 
November 1920 forenoon. 
» J.C.C, Lears. 


» Maya Das Puri, Rai Sahib, from Ist April 1921. 


» D.N. Banerjee, from 19th October 1920. 


Government’s Sind-Sagar and Sutlej Valley 


‘Canal and Colonization Projects consisting of :— 


(a). In the Sind-Sagar area sub-demarcation 
of 4,000-acre rectangles into 100-acre rectangles 
in the area falling in sheets 39 M/11.12.15.16 and 
44 A/3.4, 

(b). 

(1) Triangulation, for location of the corners 
of 2,400-acre rectangles, in parts of sheets 39 
O/s.6.9.10.13.14 and 44 C/1,2,6, 


In the Sutlej Valley area. 


(2) Location of the corners of 2,400-acre 
‘rectangles from traversed point in parts of sheets 
39 N/16, 39 O/9.10.13 and 44 B/as and 44 C/15. 


(3) Sub-demarcation of 2,400-acre rectangles 
eT ar ree ee into 25-acre rectangles in the area falling in sheets 
eed ae ae 89 N/i6, 39 O/9.10.13 and 44 B/s and 44 C/1. 


The Sind-Sagar Doab is the tract situated 
between the Indus and Jhelum and Chenab rivers 
and includes parts of Mianwali, Shahpur, Jhang and Muzaffargarh districts in the Punjab. 
The tract is a vast desert of sand hills, covered with scrub jungle. Isolated wells, surrounded 
by small patches of cultivation, occur at rare intervals. Trees grow in a few parts of the 
desert only and the water from the wells is brackish. 

The area of the Sutlej Valley Project lies between the old bed of the Beas river and 
the Sutlej river. Except for a strip along the latter, it consists of a flat plain covered with 
scrub jungle, many parts of which are without water. Such water as there is, is of a very 
inferior quality. Sand hills occur in parts of the area and the most noticeable feature is the 
“Chit Dain”, a tract of very white sand on which a mirage of a broad sheet of clear water is 
continuously reflected. In both areas violent sand and dust storms occur in the beginning of 
April, and the work was often brought to a stand-still for two or three days owing to the 
density of the atmosphere that continued for a long time after the storms abated. 


The head-quarters of the party opened in the field at Multan Cantonment on 25th 
October 1920 and closed on 5th May 1921. The oftice re-opened on 16th May 1921 at its 
recess head-quarters in Mussoorie. 

The party was divided into 4 camps. 

The health of the party was good, despite bad water and difficulty in obtaining sup- 
One khalasi died. 

Trvangulation.—The nature of the country triangulated lay in the area of the Sutlej 
Valley Project and consisted of a highly cultivated area, thickly covered with trees, mostly 
date palm, bordering on the Sutlej river and a flat plain, covered with scrub jungle, to the 
north. 

At first 1t was hoped to use the old secondary triangulation falling in the area, but 
none of the old stations were in existence. A new series of triangulation had, therefore, to 
be observed from the Sutlej Series of the G. T. Survey on the south bank of the river. This 
entailed heavy line clearing, as trees had grown up even between the several G. T. Stations 
and the banks of the river were thick with date palms. 

Triangulation to fix corners of 2,400-acre rectangles was carried out by Mr. Amrit 
Ram and 3 surveyors under Mr. J. C. C. Lears, whilst Mr. J.C. C. Lears and Mr. D.N, 
Banerjee each ran a series of triangles, connecting the work with the Sutlej Series of the 
G. T. Survey on the south side of the river. 

155 stations were observed at and 15 intersected points were fixed over an area of 
647-35 square miles at a cost-rate of Rs. 38-4 per square mile. 

Traversing.—No new traversing was undertaken this year as the Sind-Sagar area had 
been completed in previous years and for the area demarcated in the Sutlej Valley area base 
lines laid down in 1906-07 and 1907-08 by old No. 18 Party were available. 


Upper Subordinate Service. 


Mr. Chuni Lal Kapur. 
_y Nabidad Khan. 
» Amrit Ram from 6th October 1920. 


10 Surveyors, etc. 
27 Local Revenue Staff. 


plies. 
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Rectangulation. Sind-Sagar Doab area.—The area laid down for rectangulation was 
completed this field season. The area in which the work was carried out is the “ High” or 
‘Grazing Thal”. The tract is more bare and waterless than the rest of the area and consists 
of high sand hills and small depressions. 

Rectangulation in this area consisted of (1) Location on the ground of corners of 
4.,000-acre rectangles from temporary marks near these corners, fixed previously by triang- 
ulation ; this had already been completed for the area in previous seasons. (2) Location on the 
ground of 100-acre corners on the long sides of 4,000-acre rectangles with theodolite and 
short and long chains. (3) Sub-demarcation of the 4,000-acre rectangles into 100-acre rect- 
angles by long chain measurement. In all cases the 100-acre corners were marked by embed- 
ding flat-topped monolith pillars, 6 inches square and 80 inches long. The work was carried 
out without much line clearing. 

Almost 100 per cent of the work was tested by 2622-2 linear miles partalled by the 
Survey officers and superior revenue staff, an error of 1 in 1,000 only being allowed. 750-2 
linear miles of partal of previous season’s work was also carried out. 

No. 1 Caup, under Mr. Nabidad Khan, consisting of 5 traversers, laid out 726 100- 
acre corners on the long sides of 4,U00-acre rectangles. 

No. 2 Cump, under Mr. Chun Lal Kapur, consisting of 6 traversers, 1 naib tahsildar, 
8 kanungos and 16 patwaris, laid out 3,399 interior ]0U-acre corners, in an area of 740 square 
miles. 

No. 1 Camp completed work in this area on 20th January 1921 and No. 2 Camp on 
3lst January 1921. 

The cost-rate worked out at Rs. 88°2 per syuare mile or Re. 0-14 per acre. 

The total out-turn of rectangulation for the whole Sind-Sagar area completed between 
1917 and 1921 is as follows :— 

1920 main corners of 2,000- and 4,000-aere rectangles located, 49,644 100-acre corners 
located, 50,774 100-acre rectangles laid out, comprising an area of 7,933-4 square miles. 

Rectangulation. Sutle; Valley Praject.—The area given for rectangulation isa _ tract 
between the old bed of the Beas and the Sutlej river, from the Multan-Lodhran Railway on 
the west to the town of Pakpattan on the east. The north-west portion of this area was taken 
up this season. The area is a flat plain with occasional small hillocks, covered with scrub 
jungle, very thick along the north on the borders of the old bed of the Beads river. In the 
area are a few large villages, surrounded by a small area of poor cultivation, the remainder of 
the area is almost waterless and given over to the grazing of camels and goats. 

The work consisted of :—(1) Location of main corners of 2,400-acre rectaugles on the 
ground by means of traverse base lines previously laid down. (2) Location on the ground 
of 25-acre corners on long sides of 400-acre rectangles; both by means of theodolites and 
short and long chains. (3) Sub-demarcation of 4,000-acre rectangles into 25-acre rectangles 
by long chain measurement. All corners were marked by stone pillars similar to those used 
in the Sind-Sagar area. 

75 per cent of the work was tested by 2236-2 linear miles partalled by the Survey 
officers and superior revenue staff. An error of 1 in 500 was allowed, owing to this error 
being found in the laid out base lines, several of which were also found to be in error ¢n_ seti, 
owing to mistakes in applying corrections when the pillars were embedded which caused 
extensive line clearing and the running of long test traverses for ascertaining the errors. 

No. 4 Camp, consisting of 9 traversers, under Mr. D. N. Banerjee, commenced work 
on 2'st November 1920 and laid out 3,397 25-acre corners on the long sides of 400-acre 
rectangles as well as 115 interior 25-acre corners in the process of correcting bases. 

No. 1 Camp, consisting of 6 traversers, under Mr. Nabidad Khan, commeneed work 
on 24th January 1921 and laid out J,141 25-acre corners on the long sides and 99 interior 
25-acre corners. 

No. 2 Camp, under Mr. Chuni Lal Kapur, with 6 traversers, 1 naib tahsildar, 
% kanungos and 16 patwaris, commenced work on 6th February 1921 and laid out 3,876 
interior 25-acre corners in an area of 270° 4 square miles. 

The cost-rate of rectangulation is Rs. 416 per square mile or Re. 0-65 per acre. 

Recess Duties.—The strength of the party was reduced very considerably in recess. 
9 traversers and the whole revenue staff were sent on departmental leave. 

No. 1 Section, under Mr. J.C. C. Lears, assisted by Mr. Amrit Ram with 1 computer 
and 2 draftsmen completed the computations of the current season’s triangulation and prepared 
supplementary triangulation charts for Degree sheets 33 O and 44 C. 


Vol. XVI.] 


23rd to 27th January 1921 and in recess on 26th May 1921. 


~ TOPOGRAPHICAL SURVEY. 


13 


No. 2 Section, under Mr. Maya Das Puri, Rai Sahib, assisted by Mr. Nabidad Khan, 
until he proceeded on leave, and Mr. Chuni Lal Kapur with 5 traversers completed the 
records of the Sind-Sagar and Sutlej Valley Rectangular Survey. 

No. 3 Section, under Mr. D. N. Banerjee, with 6 traversers carried out miscellaneous 
drawing, such as preparation of index charts, and trained new traversers, in drawing, 
traversing, plotting etc. 
Inspections.—The Superintendent, Northern Circle inspected the party in the field from 


The Surveyor General of 


India, accompanied by the Superintendent, Northern Circle inspected the party in recess on 
7th September 192). 


No. 22 (RIVERAIN) PARTY (PUNJAB). 


By Duani Raw Verma. 


The area dealt with by the party was of varied character. 


PERSONNEL, 


Class I Officer. 


. B. H. B. Hanby, in charge from 10th February 


to 20th May 1921. 
Class II Officers. 


. Dhani Ram Verma, in charge from 8th Nov- 


ember 1920 to 9th February 1921 and again 

from 21st May 1921 and attached from 10th 
February to 20th May 1921. 

Maya Das Puri, Rai Sahib, in charge till 7th 
November 1920. 

Abdal Karim, B.A., from 5th December 1920. 


Upper Subordinate Serrice, 


. Jamna Prasad, R.S., from 29th March 1921. 


Ram Narayan Hastir. 
Vidya Dhar Chopra, till 30th April 1921. 
Gulab Singh, from llth May 1921, 


Lower Subordinate Service. 


48 Surveyors, etc. 
One traverser was however employed in August and September 1921 on the Lahore 
‘‘Nazul” land survey. 
The head-quarters of the party remained at Lahore throughout the year. 

The health of the party was good throughout the season; one traverser (re-employed) 


suffered from pneumonia. 


heart failure due to abnormal heat. 
2. The detail traversing on the Chenab in the Muzaffargarh fahsil was carried out 
under Mr. Ram Narayan Hastir and on the Sutlej in the Pakpattan and Dipalpur étahsz/s 
under Mr. Vidya Dhar Chopra and surveyor Ishwar Singh and subsequently under Mr. Ram 


Narayan Hastir. 
Hastir. 
working independently. 
Messrs. Dhani Ram Verma and Abdul Karim. 
graphy of the Khaur Special Survey were supervised by surveyor Ishwar Singh. 


The riverain area under 
water action was usually broken and full of 
swamps and covered with shrubs, high grass and 
sand near the rivers but well cultivated away 
from them. Densely wooded patches of Jand 
and Pzdu trees were occasionally met with along 
the Sutlej, and of Babu/ and Ja/ trees along the 
Chenab. In the Khaur mining area, the ground 
was open and undulating with deep alas and 
traversed by a chain of low bare rocky hills with 
a precipitous face on the north. The area 
covered by the Lahore Town Traverse was flat, 
congested and extensively cultivated, the Ravi 
river passing through the western portion. 
The Lahore “Nazul” land was a plain waste land 


~ eovered with low grass and road avenues. 


The field operations in connection with 
riverain and other surveys for the Punjab Govern- 
ment were commenced in the middle of October 
1920 and were finally brought to a close on 24th 
June 1921. 


In recess one computer died of pneumonia and one tindal died of 


The base lines on the Sutle}] were laid out under Mr. Ram Narayan 
The main circuits on the Panjnad were run by traversers Roda Ram and Dial Singh 
The traversing of Lahore and its environs was carried out under 


The traversing and levelling and the topo- 
The 


Lahore ‘‘ Nazul” land survey was done directly under the officer in charge of the party. 


During the field season the computing and masdvz sections at the head-quarters were 
supervised by computer Badlu Ram and draftsman Makbul] Husain respectively. 


3. The party continued the work of traversing and laying out base lines. 


189 


linear and 225 square miles of main circuits with 3,373 linear and 526 square miles of minor 
traverse were executed. 323 theodolite stations of the former and 14,272 of the latter were 
fixed in 258 villages. 363 corners of 121 squares were demarcated in 375 square miles with 
permanent mark-stones on both banks of the Sutlej river in district Montgomery and 
Bahawalpur State to serve as bases for future survey and demarcation of boundaries and 
fields in the bed of the river, 2,156 plotted and 649 boundary masdvzs (settlement mapping 
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sheets) on the scale of 1/2,640 and 37 four-inch sheets were traced and supplied in time to 
the Settlement Officers Muzaffargarh and Montgomery. In addition 533 boundary masdvis 
were partly compiled on the scale 1/2,640 in advance for the next field season’s work, and all 
the traverse stations marked during the year were plotted on 38 four-inch sheets. 4,227 
pages of field books and 894 of set-up, forming 19 volumes of field books and 11 volumes of 
set-up of the riverain work of the year, were completed. 

The minor traverse was based on the main circuits run in the previous seasons. The 
average daily out-turn per man was 7-3 stations and 1-71 linear miles. | 

The main circuits on the Panjnad were connected with Thal Megraj T.S. LXXXVII 
of the Great Indus Series and Paphra T.S. IV and Khanbela T.S. II of the Sutlej Series, 
and 9 azimuths were taken. The average daily out-turn per man was 3-7 theodolite stations 
and 2°14 linear miles. 

The average daily out-turn of laying out base lines per man was 3 corners. 

There was general scarcity of labour and transport, especially towards the Bahawalpur 
side and much jungle clearing had to be done along the Chenab and Sutlej rivers. Much 
time was wasted on account of stones for base lines not having been supplied in time by the 
Settlement Officer Montgomery, the survey staff helped in the transportation of the stones to 
the depéts. 

4. The following tables give full details of the riverain work completed during the 
year :— 


FIELD WORK. 


INOR ‘TRAVERSE 
FOR DETAIL SURVEY. 


MAIN-CIRCUIT. 


4 ; 2 P : » 

to = 2 ~ @ Ow a. 2 wn 2 Ow 7 oo oe a be 
Namgs oF RIVERS AND| & 4; os of | S24 )sa| og | OS of i o.| 6 ae oF 
DisTRICTS aND SCALES.) —2 5 5 9H |8cE|—-S/ 58] $8] 5585 | SE BE e? | 52 | REMARKS. 

sa | dae | ds lass (e2| delay | ese laa! ae | 24 | ag 

So | Bs | 38 | 223 |Sa| 33) 22) 822) 25) 83 | Bs | 35 

f- | ae | 28 | as a" |4e| 4d )as*|z Z z, S 

~ de - < 

na D 


6s | 220/1,306| 5,738 | 101 
| 107* 490° 


25 96 | 906 


te, Scale 1/2,640, 


District Mont- 
gomery and Feroze } 3,553 75 


pur, Scale 1 / 2,640 
Chendb River. 


*Of base lines. 


District Multan and | 80 | 210/1,054) 4,491] 82]... a ae | 


Muzaffargarh, Scale 
L / 2,640, 


Panjnad River. ) 
District Muzaffar- 36 | 295, 189 
| 


garh and Bahawalpur ( 


State. ! | | | 


258 


173 | 596 3,973 | 14,272 


Total | 36 


OFFICE WORK DONE FOR THE CADASTRAL SURVEYS OF RIVERAIN ESTATES. 


Number of ae 
Number of | Number of | sheets traced | *"™0DET © 


. : is 4-inch 
Scale of plotted compiled | for the use of Sata is 


Name of river, Name of district, =) masdvis show-| masdvis show-| settlement ; 
masdvis, |' : é : ; which new 
ing traversed | ing riverain officers on ack 
points. boundaries. scale 4 inches | “Y bey 
=lmile. | Plotted. 


416 | 23 23 


| 


Sutlej ...| Montgomery... | 1/2,640 1,385 


Chenab ...| Muzaffargarh ... | 1/2,640 771 233 


Total 


Besides these 270 miscellaneous traces were prepared and 533 boundary masdvis were 


partly compiled in advance for the next season’s work. 
5. Lahore Town Traverse-—This was undertaken at the request of the Sanitary Com- 


missioner, Punjab for the large scale survey of Lahore and its environs for the purpose of 
sanitary improvement. 
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Three different scales, z. ¢., 
(1) 1 inch=100 feet for Lahore Town proper and the congested areas outside the 
old city walls, 
(11) 16 inches=1 mile for the rest of the municipal area, 
(111) 6 inches=1 mile for an area one and a half miles in breadth all round the mu- 
nicipal limit, 

were proposed by the Sanitary Commissioner. Traverse lines had to be run with due regard 
to the scales. Arrangements with local authorities for police protection ete., took much time. 
It was commenced in February and finished in June 1921. It was very carefully done but 
for want of G. T. stations could only be connected with Lahore Anarkali’s Tomb, Ichra 
Temple, Mian Mir Church, Lahore Sonahri Masjid, Shahdara Minaret, the points of the 
Gurhagarh Meridional Series, and pucka trijunction pillar (Jia Masa, Kot Begam and Kot 
Mahibbo villages) fixed in season 1912-13 and the pillars of base line No. 33 of mauza Baddo 
and those of base line No. 38 of mauza Sherkot on the left bank of the Ravi river laid down 
in season 1918-14. In all 6,485 theodolite stations were laid down and 644 linear miles tra- 
versed, covering an area of approximately 63 square miles. 8 azimuths were taken. 234 in- 
tersected points such as chimneys, spires of churches, temples, mosques and conspicuous trees 
were fixed, the last ones particularly in the 6-inch area. The traverse stations in the town 
were marked with 9-inch iron nails with round flat tops of 2-inch diameter and in the outer 
area with stones 6 inches x 6 inches x 10 inches with © cut into the top and embedded flush 
with the ground. The unceasing traffie in the dazars, excessive heat and frequent violent 
dust storms impeded the work and lessened the out-turn. The daily averages of out-turn per 
man were as given below :— 


Survey on scale. Theodolite stations. Linear miles. 
] inch=100 feet eas 6-6 0-18 
16 inches=1 mile ts 6-6 0°65 


6 inches=1 mile ae 6-1 1-29 


1,983 pages of field books forming 9 volumes and 455 pages of set-up forming 4 volumes 
were completed. All the traverse stations and points were plotted on 8 eight-inch sheets and 
8 traces of the same were prepared for binding in the computation volumes. 

6. Khaur Special Survey.—This was undertaken for the Attock Oil Company at 
their request through the Deputy Commissioner, Attock district. The work consisted in 
contouring at 10-feet intervals the area surveyed for them on the eight-inch scale without 
contouring in season 1915-16 and surveying on the same scale with contours at ]0-feet inter- 
vals the adjacent area in the neighbourhood of Khaur village (¢a/si/ Pindi Gheb, district 
Attock) and demarcation of the boundary of the new area for lease. 

The topography was based on traverse and levelling emanating from Khaur h.s., the 
only trigonometrical station with a known height in the area. The traverse stations of season 
1915-16 were almost all lost. Some of them were identified by old angles and measurements. 
Owing to the hilly nature of the ground subtense bar had to be frequently used in traversing. 
In all, 330 theodolite stations were Jaid down and 109-46 linear miles were traversed and 91 
intersected points with heights were fixed to assist in plane-tabling. Computation was done 
pari passu in the field. 43-05 linear miles were levelled and 1,235 stations were laid down 
and 80 bench-marks were fixed. The total area plane-tabled was 8 square miles. The survey 
was carried out by interpelation. The daily averages per man of traversing, levelling and 
plane-tabling were as given below :— 


Description of work. Stations. Linear miles. Square miles. 


Traversing 


Levelling 


Survey (revision and original) 
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The field work was commenced in January and finished in March 1921. 

The average cost-rates of traversing and levelling per linear mile and surveying per 
square mile were Rs. 32°3 and Rs. 121-5 respectively. 

139 pages of field book forming 1 volume and 77 pages of set-up forming 1 volume 
were completed, + miscellaneous traces were prepared and all the traverse stations marked 
and intersected points were plotted on three 8-inch sheets and three traces of the same were 
made for binding with the computations. 

7. Lahore “ Nazul” Land Survey, on the scale of | inch=40 feet, was undertaken in 
August 192] at the request of the Deputy Commissioner, Lahore in connection with Lahore 
City extension scheme. The survey was based on the traverse already done in connection 
with the Lahore town survey. It was commenced towards the end of August 192]. The 
municipal engineer in charge of the scheme asked for the survey of the adjacent congested 
portion of the city in addition to that originally asked for. It will probably be completed 
in October 1921. The area surveyed up to the end of Epes 1921 was 33-5 acres and 
its cost-rate was Rs. 6-4 per acre. 

S. The average errors were as follows :— 

(a) Base-lines :— 

0-94 foot per corner of riverain base-line as compared with its theoretical value. 


Angular error per station in seconds. Linear error in links per 10 
chains. 


(6) Main Circuits 
Panjnad River 


Lahore Town 


(c) Minor Traverses 
Sutle} River 


Chenab River 


Lahore town, average 
of 3 scales 


Khaur oil mining area 


9. Recess Duties.—(a). Mr. Gulab Singh was in charge of the computing section 
consisting on the average of 16 computers etc. The section completed all traverse computa- 
tions appertaining to the work of the year anu its records detailed in the previous paragraphs. 
Besides this 1,500 pages of field books forming 4 volumes and 423 of set-up forming 2 
volumes of the riverain traverse of the Rajanpur Zads:? (Dera Ghazi Khan) executed in 
seasons 1915-19 were completed. 

(6). Mr. Jamna Prasad, R.S., was in charge of the compiling and plotting section 
consisting on the average of 17 draftsmen ete. ‘The section partly compiled 533 boundary 
_masavis for the next season’s work and prepared 8 eight-inch plot sheets of Lahore town 
traverse. Besides this it made miscellaneous traces and prepared field traverse charts for the 
use of the traversers in the next field season. 

(c). Mr. Ram Narayan Hastir was in charge of the triangulation and traverse chart 
section consisting on the average of 4 computers and draftsmen. The section prepared 
manuscript charts for the degree sheets 43/L and 44/B.c.E.F.G but could not finish them 
for want of old Lower Bari Doab data not returned by the Sind-Sagar Party. In addition 
the section compiled data for 6 more charts, Nos. 44/3.m.N and 53/a.p.¢ to be taken up in 
next recess. 

10. The total expenditure of the party from the Ist October 1920 to the 30th 
September 192] was Rs. 145,179 as detailed below :— 


Riverain survey as a w. Rs. 112,268 
Lahore town traverse bax ti w- =©Rs. 28,203 
Khaur special survey ee sais .. Rs. 4,492 
Lahore “Nazul” Land survey _... we Rs. 216 


ll. Jnspections.—The party was inspected by the Superintendent. Northern Circle 
in November 1920 and again in January 1921. 
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SOUTHERN CIRCLE. 
(Fede INpex Mav No. 1) 
Summary.—This circle was under the superintendence of Lieut.-Colonel C. P. Gunter, 
O. B.E., R.E., up to the 19th October 1920 and again from Ist February 1921 tothe 
15th March 1921, under Brevet-Colonel I. W. Pirrie, C. M.G., C.I. E., I. \., from the 20th 
October 1920 to the 3lst January 192] and under Lieut.-Colonel H. H. Turner, R. E., from 


the 16th March 1921. 
Record Section and the Training Section. 


It comprised Nos. 5,6,7,8 and 20 Parties, No. 4 Drawing Office, 


During the field season Nos. 5,7 and 8 Parties completed 14,275 square miles of detail 
survey on the two-inch ard one-inch scales and Nos. 5 and 6 Parties completed 2,869 square 


miles of triangulation. 


During recess the fair-mapping of the area surveved was taken up 


and will be completed before the parties again proceed to the field. 
The detail survey consisted of :— 


6,454 square miles 
Ee 
6,353 
671 
70 


99 29 


Be 33 
99 9 


9) 29 


In order to effect a saving on the budget the 
at Bangalore, a small triangulation detachment only being sent into the field. 


employed on half-inch and other mapping. 


No. 20) Party surveyed an area of 


and military stations. 


of one-inch original survey. 


revislon survey. 


a 


y one-inch 
», one-inch supplementary survey. 
», two-inch original survey. 

supplementary survey. 

head-quarters of No. 6 Party remained 


The party was 


,, two-inch 


15,467 aeres =24°2 square miles in cantonments 


The detail survey consisted of :— 
9,111 acres of sixteen-inch original survey. 


5,583 
283-5 
489-4, 


9) 


39 


3) 


», SIXteen-inch revision survey. 
», sixty-four-inch original survey. 
», fifty-foot original survey. 


14 Upper Subordinate probationers joined the department during the year and were 
allocated to this circle for a course of training under the Officer in charge No. 6 Party. One 


probationer resigned during the year. 


Of the 20 pupil surveyors originally recruited during the vear, two were discharged 
and their places were filled by new recruits. 
No. 5 PARTY (BERAR, BOMBAY, CENTRAL INDIA AND CENTRAL 
PROVINCES). 
By Capratx G. Lennox, I. A. 
This party took the field in full strength and completed the detail survey on the 


PERSONNEL. 
Class I Officers. 


Major L.C. Thuillier, I. A. in charge to 24th 
February 1921. 

Captain G. Lennox, I. A., (on probation) iz 
charge from 25th February 1921. 


Class II Officers. 


Mr. F.C. Pilcher. 

F, W. Smith. 

Muhammad Najamuddin, B.A. (on probation) 
from 21st October 1920. 


” 


” 


Upper Subordinate Serrice. 


Mr, P.S. Vengusvami. 
J.A. Cabral, (on probation) from Ist Novem- 


ber 1920. 


” 


Lower Subordinate Service. 


32 Surveyors, etc. 


]-inch scale of sheets 46 N/i6, 55 B/s and 
53 C/1.2.3.4.5.6.7.8.9.10.13.14. 

The party also completed the triangulation 
of sheets 46 N/9.10.11.12.13.14.15.16. 

The general nature of the country is intricate, 
jungle clad hills and highly cultivated well 
wooded plains. 

The field season opened at Itarsi on the 1st 
November 1920 and closed on the 9th April 1921. 
The field head-quarters of the party was transferred 
from Itarsi to Khandwa on the &th November 
1920 and remained there throughout the field 
season. 

The health of the party in the field was on 
the whole very good. 

Plane-tabling.—The nature of the country 
On the north are rolling wooded 
South 


surveyed varies. 
hills along the course of the Narbada river. 


of this is a well wooded plain containing the civil station of Khandwa and bounded on the 


west, south and east by the intricate, jungle clad hills of the Satpura Range. 


In the south 
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the river Tapti and its tributary the Parna flow through cultivated plains interspersed with 
jungle covered hills. 

The survey was carried out by three camps as under :— 

No. 1 Camp.— Under Mr. F. C. Pilcher, sheets 46 N/16, 55 B/s and 55 C/1. 2. 5. 

No. 2 Camp.—Under Mr. F. W. Smith, sheets 55 C/g. 9. 10. 13. 14. 

No. 3 Camp.—Under Mr. P. S. Vengusvami, sheets 55 ©/3, 4. 7. 8. 

The l-inch survey called for no special note. The one-inch supplementary survey was 
carried out by transferring the photographie reductions of previous four-inch forest surveys 
to the plane-table sections after having re-surveyed the boundary and checked the detail. 

Triangulation.—Triangulation was carried out by surveyor Nur Muhammad in sheets 
46 N/g. 10. 11. 12. 13. 14.15.16. The nature of the country triangulated is, in the north, the 
cultivated plateau around the city of Indore and in the centre and south, jungle clad 
hills of the Vindhya and Satpura Ranges divided by the broad alluvial valley of the Narbada. 

Recess Duties.—(a) The fair-mapping of the party was divided into three sections 
as under :— 

No. 1 Section —Under Mr. F. C. Pilcher, sheets 46 N/ig, 55 B/s and 55 C/1.2.5. 

No. 2 Sectton.—Under Mr. F. W. Smith, sheets 55 C/6, 9. 10. 13, 14. 

No. 3 Sectton—Under Mr. P. S. Vengusvami, sheets 55 C/3.4.7.8. 

There are no arrears of fair-mapping, all sheets having been submitted for publication. 

(4). All computations have been completed. 


All triangulation charts and pamphlets have been handed over for completion to the 
officer in charge of the Record Section, Southern Cirele. 

Inspeetions.—The party was inspected during recess by the Surveyor General and by 
the Superintendent, Southern Circle. 


No. 6 PARTY (BOMBAY, MADRAS AND HYDERABAD). 
By H. B. Simons. 


The head-quarters of the party remained at Bangalore throughout the year and 
completed the fair-mapping of four-inch, three- 


> . e . ° 
PERSONNEL. inch, two-inch, one and a half-inch, one-inch, and 


Class I Officers. 


Lieut.-Colonel C. P. Gunter, O. B. E., R. E., in 
charge from 20th October 1920 to 31st January 
1921, and from 16th March to 15th August 
1921. 

Mr. J. O’ B. Donaghey, in charge to 18th October 
1920. 


Class II Officers. 


Mr. H. B. Simons, in charge from 16th August 1921. 
E. A. Meyer, in charge from Ist February to 
15th March 192), 

». Munshi Lal, B. A. 

N.S. Harihara Iyer. 

E.N. Natesan, B. A., to 28th February and 
from Ist May 1921. 


” 


9 
99 
Upper Subordinate Service. 

Mr. K. G. Mandanna. 
Lower Subordinate Service, 


25 Surveyors, etc. 


three quarter-inch sheets. 


Two triangulators were sent to supplement 
the triangulation for two-inch surveys of Amr- 
abad Reserve Forest in Mahbutbnagar district of 
His Exalted Highness the Nizaim’s Dominions 
(Hyderabad, Deccan) falling in — sheets 
56 L/i1. 12. 15. 16. 

Plane-tabling.—No plane-tabling was exe- 
cuted. 


Triangudation.— The nature of the country 
comprised high lying plateaus covered with 
impenetrable forest and intersected by narrow 
precipitous valleys. The absence of communi- 
cation, scarcity of water and inadequate labour 
added to the difficulties of the triangulators. 
Triangulation was carried out in sheets 
56 L/11. 12.15.16 by Messrs. KE. N. Natesan, B. A., 
and K. G. Mandanna. The former was trans- 
ferred to No. 7 Party from Ist March 1921, 


leaving the work to be completed by the latter. 


Recess Duties —(a) A fair-mapping section under Mr. E. A. Meyer till 28th March 
1921 and under Mr. H. B. Simons from 5th April 1921, dealt with 36 two-ineh special forest 
maps of last season’s fair-emapping and submitted them for publication. The three-inch 
Secunderabad military map was also completed and sent for publication. In addition two. 
sheets of the South-West Persia Survey Detachment, (four-inch Bashire and one-inch Shiraz), 
also one and a half-inch sheets of the Training Section (57 G/1o. 14) were taken in hand. With 
the exception of the four-inch Bishire map which is under reference to the Resident, Buashire, 
all others will be submitted for publication before the party leaves for the field. 
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A section under Mr. Damodar Khadilkar was temporarily attached to this party till 
Ist August 1921 and was employed on fair-mapping half-inch sheets made over by No. 7 
party on their taking the field in November 1920. Of these sheets 57 N/nz, was completed 
and despatched for publication, the remainder being sent back with the section, to be com- 
pleted under the Officer in charge No. 4 Drawing Office. 

(4) The computations of the season’s triangulation have been completed by 
Mr. E. N. Natesan, B. A., assisted by Mr. K. G. Mandanna. 


No. 7 PARTY (MADRAS). 


By Masor J. D. Campsett, D. S. O., R. E. 


This party completed the detail survey of sheets 56 P/7.11.12.15.16, 57 M/1.2.3.4.5.6.7.8.11 
and 57 G/10.14 and of the area falling in the Madras 


ee ones Presidency of sheets 56 P/2.3.6.10 on the one-inch 

ass cer, : ; ; 

Major J. D. Campbell, D.8. O, R. E,, in charge. and two-inch scales, part of Ba G/6é on the one-inch 
Class II Officers. scale and reserved forests in 56/P4.8.14 on the two- 

Mr. F. H. Grant. inch seale. 

» A. F. Murphy. 

, N.S. Harihara Iyer, from 1st March 1921. The nature of the country generally comprised 


E.N. Natesan, B. A.,from Ist March to 30th Cultivated open expanses of level or undulating 


April 1921. land and isolated rocky scrub-covered hills. On 
Upper Subordinate: Service. the west, it included the eastern slopes and foot- 
Bre Nareyenasvam! Chel: hills of the Nallamalais and part of the Donakonda 


,, Damodar Khadilkar up to 31st July 1921. 


range, covered with jungle of varying density. 


, Shib Lal. 
» Shadi Lal Dube, The office of the party closed at Bangalore on 
: res Subordinate Service. 21st October 1920, and opened at Markapur, the 
Cc. 
Ba SUPVEY Ore LE field head-quarters, on Ist November 1920. The 


office was closed at Markapur on 26th April 1921 and opened at Bangalore on 3rd May 1921. 
There was practically no rain during the field season. 

Tlie health of the party was very good. | 

Plane-tabling.—The country surveyed is mostly flat or slightly undulating, open and 
cultivated, the cultivation being nearly all dry except for small areas near tanks. 


The hill ranges are mostly boulder strewn and covered with thorny scrub. The survey 
presented no difficulties. Chaining had only to be resorted to in the case of a few dense and 
flat jungle areas near the Kistna river. 

Work was done on blue prints on mounted strawboards of both Madras Revenue Sur- 
vey work and four-inch forest surveys. In the case of the latter, one-inch reductions were 
printed in blue and detail required on that scale inked up. Tops of hills, spurs, saddles ete., 
were indicated and the contouring done in the field with the aid of the original four-inch maps. 

Difficulties were experienced with regard to water and transport. The monsoon had 
been deficient and added to the scarcity of water in a tract always scarcely supplied. Some 
surveyors in forest areas had to send a long way for water. Carts were difficult to obtain at 
legal rates. 

The work was divided into four camps, and one surveyor and one Class II officer 
worked independently, as follows :— 

No. 1 Camp.—Under Mr. F. H. Grant, with § surveyors completed the two-inch survey 
in sheets 56 P/12.14.15.16 and parts of 56 P/1o.11. This camp was taken over by Mr. A. F, 
Murphy on the 6th March. The strength of the camp was ultimately increased to 11 survey- 
ors and the one-inch work in sheets 56 P/12.15.16 not included in the original programme, 
was taken up and completed. 

No. 2 Camp.—Under Mr. A. F. Murphy, with 5 surveyors and 3 pupils, surveyed sheets 
57 M/e.7.8.11 and part of 57 M/s including small reserved forest areas on the two-inch scale. 
Mr. Murphy handed over his remaining surveyors to Mr. K. Narayanasvami Chetti and took 
over charge of No. 1 Camp on 6th March. 

No. 3 Camp.—Under Mr. K. Narayanasvami Chetti with 5 surveyors and 3 pupils, 
surveyed sheets 57 M/1.2.3.5 and part of 57 M/4 including small reserved forest areas on the 
two-inch scale. 

No. 4 Camp.—Under Mr. Shib Lal with 8 surveyors completed the two-inch survey in 
sheets 56 P/2.3.4.6.7.8 and parts of 56 P/10.11. The strength of the camp was ultimately in- 
creased to 10 surveyors and the one-inch work in sheets 56 P/2.3.6.7.10.11 not included in the 
original programme, was taken up and completed. The survey in sheets 56 P/23.6.10 was 
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completed to the Madras-Hyderabad boundary only, as the remainder of these sheets will be 
surveyed on the half-inch scale. 

Independent Surveyors.—I1st class surveyor B. Jagan Nathan carried out revision of the 
training school work in 57 G/6.10.14 and completed the unsurveyed portion of 57 G/i4. Mr. 
N.S. Harihara Iyer started the survey of the unsurveyed portion of 57 G/eé on 6th March 
but did not complete the area. 

Triangulation.—No triangulation was carried out. 

Recess Duties.—(a) The fair-mapping was divided into four sections as follows:— 

No. 1 Section ——Under Mr. Murphy, sheets 57 M/o.7.8.11. 

No. 2 Sectton—Under Mr. Narayanasvami Chetti, sheets 57 M/1.2.3.4. 

No. 3 Sectton.—Under Mr. Shib Lal, sheets 56 P/6.7.10.11 including 56 P/2.3 as out- 
riggers to 56 P/6.7. 

No. 4 Section. Under M. Shadi Lal Dube, sheets 57 M/s and 56 P/ig.4is. All 
sheets will be sent for publication before the end of recess. | : 

(6). No computations or triangulation charts are in hand, there being no arrears. 

The preparation of reductions of the 4-inch maps for the next field season formed a 
large part of the work during recess. It was decided to accept the contouring on the four- 
inch maps to a greater extent than hitherto and contours were inked up on the blue print _re- 
ductions instead of form lines showing tops, saddles ete. This has proved very laborious, but 
it is hoped that it will result in a greatly increased ont-turn in the field. 


No. 8 PARTY (MADRAS). 
By Lirvut.-CotoneL M.O’C. Tanpy, D.S.0O., O. B.E., R.E. 
This party completed the detail survey on the one-inch scale of sheets 58 I*/3.4.7.8, 
98 G/5.6.9.10.13.14, 58 K/1.2.5.6.9.10.13.14 and about 50 


PRESONNEL. square miles of reserved forest in sheets 58 F/7.5 
Class I Officer. on the two-inch scale. 
Lieut.-Colonel M.O’C. Tandy, D.8.0., 0. B.E., The field season opened with head-quarters 
R.E., in charge from 26th October 1920. at Kodaikanal on 19th November 1920 and closed 
Class II Officers. there on 15th May 1921. 
Mr. C.E.C, French, in charge till 26th October The health of the party was yood with the 
1920. exception of the surveyors working in the hills 


aan pudenaty Mes bordering the Kambam valley and in parts of 
.T. Wyatt. 


i by Gancen-Algar: Travancore State and the Paln: hills. In these 


J.C. St. C. Pollett. areas fever and malaria were very prevalent. 


ee Calvert, rope Teta Perober £e2e. The country surveyed presented no unusual 


Upper Subordinate Service. features; near the sea the country is flat and 
Nic. TE. Natasimihamurtichac: almost entirely under wet cultivation, the water 
» Shaikh Muhammad Salik. being supphed from numerous tanks, the flatness 
» Abdul Ghafur, from Ist April 1921, of the country and the great number of palmyra 
Lower Sabordiiate: Sevvice and palm trees make it often impossible to survey 


by resection and plane-table traverses have to be 
resorted to; further inland and near the hills the 
black soil of the plains gives place to red soil under dry cultivation and the presence of 
small isolated hills and rocky outcrops provides good points on which to base triangulation 
and traverse; the hill portions of the area surveyed included the highest hill in Southern 
India, Anaimudi, height 8,841 feet; throughout this hilly area survey was much interfered 
with by mist clouds. Sometimes for days together the surveyors were unable to get fixings 
from the trianculated hill tops, this was particularly the case at the beginning and end of the 
field season ; from the middle of January to the end of March may be taken as the best time of 
year for surveying in the hills of Southern India. The hills bordering the Kambam valley 
were densely wooded and sparsely inbabited, the surveyors often had great difficulty in obtaining 
water and herds cf wild elephants at times delayed the survey; portions of the Travancore 
State hills and the Palni hills were also heavily wooded. 

. | Supplementary survey based on blue prints of the Madras Revenue Survey was carried 
out in the cultivated area of the plains ; in the Palni hills and the hills bordering the Kambam 
valley, supplementary surveys were based either on departmental forest surveys on the four- 
inch scale or on the one-inch departmental surveys of 1886-88. Original survey was only 
necessary in about 345 square miles, chiefly in Travancore State. 
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Vol. XVI.] TOPOGRAPHICAL SURVEY. 21 


The field work was divided into 5 camps. 
No. 1 Camp.—Under Mr. M. Mahadeva Mudaliar, assisted by Mr. Shaik Muhammad 
Salik with 14 surveyors completed 43 square miles of original two-inch survey and 5 square 
miies of supplementary survey on the two-inch scale and 303 square miles of original and 
818-03 square miles of supplementary survey in sheets 58 F/3.4.7.8, on the one-inch scale. 
. No. 2 Camp.—Under Mr. M.S. Gancsa Alyar took the field with 6 surveyors, but 
towards the end of the season owing to delay due to the difficulty of surveying in the Kambam 


valley hills this number had to be increased to 9, this camp completed 824-08 square miles of 
one-inch supplementary survey in sheets 58 G/s.6.9. ” 

No. 3 Camp.—Under Mr. B.T. Wyatt with Mr. H. Narasimhamurti Rao and 6 
surveyors completed 1,171-40 square miles of one-inch supplementary survey in sheets 
58 G/10.13.14 and 58 K/2. 

No. 4 Camp.--Under Mr. J. A. Calvert with 5 surveyors completed 878-27 square 
miles of one-inch supplementary survey in sheets 58 K/1.5.6. 

No. 5 Camp.—Under Mr. J.C. St. C. Pollett with 8 surveyors completed 1,118-10 
square miles of one-inch supplementary survey in sheets 58 K/9.10.13.14. 

No triangulation or traverse was done during this season. 

Recess Duties.—The fair-mapping was divided into 4 sections as follows :—- 

No. 1 Section.—Under Mr M. Mahadeva Mudaliar assisted by Mr. Abdul Ghafur, 
sheets 58 F/3.4.7.8. 

No. 2 Section —Under Mr. B. T. Wyatt, sheets 58 G/1o.13.14 and 58 K/1.2. 

No. 8 Section.—Under Mr. M.S. Ganesa Aiyar, sheets 58 G/5.6.9. 

No. 4 Section.—Under Mr. J.C. St. C. Pollett, sheets 58 K/s ¢.9.10.13.14. 

Mr. J. A. Calvert was on leave during the greater part of recess. 

Messrs. Shaik Muhammad Salik and H. Narasimhamurti Rao were employed prepar- 
ing computations and plane-tables for the supplementary surveys of next field season. 

All fair-drawing will probably be completed before the party takes the field but the 
final examination of some of the hill sheets may have to be completed at camp head-quarters. 


No. 20 PARTY (CANTONMENT). 
By Capratin J. K. Doveras, R. E. 


During the year under report the party continued survey operations tn the Southern 


Circle. 
PERSONNEL: The head-quarters of the party was at 
Class I Officers. Bangalore. 


Mr. B. R. Hughes in charge till May Ist 1921 The health of the party on the whole has 


Captain J.K. Douglas, R.E. (on probation), in been good. 
charge from 2nd May 1921. The triangulation and traversing of Deolali 
Class IT Officer. cantonment have been completed during the year. 
The survey and contouring on the 16-inch 


. Wilson. : cor 
a eee scale of the following cantonments and military 


Upper Subordinate Service. lands have been completed:— Wellington, Welling- 
Mr. Dharmu. ton Sanitary area, Wellington Catchment area, 
» J.M. Mukerji. Aravanghat (Aruvankadu) Cordite Factory 


erounds, Karter1 Cordite Factory grounds, water 
supply channel from Bairani stream to the Cor- 
dite Factory boundary, drinking water supply 
ehannel from Dodabetta to Cordite Factory boundary, High Tension line from Karteri to 
Aravang hat (Aruvankadu), Kaity rest eamp, Lovedale Kstate and extension for Lawrence 
Memorial School and ground on which military buildings at Ootacamund are erected, 
Cannanore, West Hill (Calicut) and Velichi miltary lands. 

The surveys of the following bazars on the 64-inch scale were also completed :— St. 
Thomas’s Mount, Poonamallee, Pallavaram and Cannanore. 

The surveys of the Bangalore Civil and Military Station on the sixteen-inch scale and 
of the General, Shale, Halsir Bazars and Arab lines, Bangalore on a 50 feet to an inch scale 
are in progress and almost completed. 

Plane-tabling.—The accuracy of the detail survey (vide Table I) was tested by 75-5 
linear miles and 188 7¢n sztz fixings. 

Triangulation —Mr. Wilson was employed on the triangulation of Deolali, 14 stations 
and 18 intersected points were fixed on an area of 56 square miles. 


Lower Subordinate Service. 
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Traversing.— During the year Messrs. Wilson, Dharmu and 3 surveyors have been 
employed on traversing in Deolali and Bangalore. 7 

Levelling.—50-9 linear miles of levelling have been run in cantonments at a cost of 
Rs. 83-9 per linear mile. 

Recess Duties.—The fair-mapping for the season includes the following cantonments :— 
Secunderabad, Cannanore, Pallavaram, St. Thomas’s Mount, Poonamalleeand Bangalore Can- 
tonment and Bazars, Madras district military lands, Velichi military lands, Wellington and 
West Hill cantonments and comprised 231 sheets on the sixteen-inch, sixty-four-inch and 
fifty-foot scales. 

87 fair sheets have been submitted for publication, 61 more sheets have been com- 
pleted, and 83 remain to be completed. 


TRAINING SECTION. 
By S. 8. McA’F. Fieuprna. 


Upper Subordinates,—]4 probationers were appointed to the Upper Subordinate Service 
on 3rd January 192]. They received preliminary 
training in Bangalore in the rudiments of survey- 
ing with plane-table and chain, in theodolite work 
and drawing for the first two months and took the 


PERSONNEL. 
Class I Officer. 


Lieut.-Colonel C. P. Gunter, O. B. E., R. E., from 
3rd January to 15th August 1921. 


Class II Officer. field on 3rd March with Mr. F. H. Grant, Extra 
Mr. 8. §. McA’F. Fielding from 16th August 1921, -4Ss!stant Superintendent as instructor for regular 
Instructors. training in plane-tabling. 
Mr. F.H. Grant from 1st March to 31st May 1921. The ground selected for instructional survey 
» V.W. Morton from Ist June 1921. was in sheet 57 G/12 in the neighbourhood of Dod- 
Upper Stora Nate Probavonens: Ballapur and Makalidurga, about 40 miles north of 
Mr. Mauji Ram Sharma. 
oe Bangalore. 
» Janam Raj Chibbar. 2 ; ; 
, &.S, Narayanan, B. A. The class was inspected in the field on 4th, 5th 
,» Mohabat Lal Kobli. and 6th May by Lieut.-Colonel C. P. Gunter, O.B.E., 
» Dalip Singh. R. E., in charge No. 6 Party and then returned 
eu abe gem aananee to recess quarters in Bangalore. The time spent on 
» Rohini Kumar Talapatra, B. A. : : : ' 
, Atul Chandra Maulick, plane-tabling in the field was inadequate for train- 
» Abani Kumar Sen Gupta. ing. 


» Mohammad Jamsed. 


During recess the members were trained under 
» Suresh Crandra Chatterjee, B, Sc. 


, Mohammad Abdus Sattar. Mr. V. W. Morton, Extra Assistant Superintendent 
» K. B, Muthanna. in triangulation round about Bangalore, in theodo- 
» *Subodh Chandra Burdhan, B, A. lite traversing, levelling and field astronomy when- 


ever the weather permitted. 

Much time was spent on triangulation owing 
to wet weather. Computations of all topographical work were carried out, the majority doing 
well. 


* Resigned on 3rd June 1921. 


The Superintendent, Southern Circle inspected the class early in October 1921, after 
which 8 officers were drafted to parties and 5 remained for further training in_plane-tabling 
and will take the field with the Training Section early in November. 

Lower Subordinates.—The section took the field on completion of preliminary training 
in Bangalore, on 2nd November. 

The head-quarters of the section was situated 
at Kolar Town, the head-quarters of the district of 
that name, throughout the field season. 

At the beginning of the year the section 
comprised 21 pupils, of these 1 pupil was trans- 
ferred to No. 8 Party during the field season, 6 others to various parties during recess and 4 
others were discharged. The remaining 10 continued their training till the end of the year. 

In May 1921 a new class of 22 pupils joined the section and underwent preliminary 
training in drawing and plane-tabling, 2 of these pupils were discharged in June and August 
1921. 


PERSONNEL, 
Class Il Officer. 
Mr. 8.8. McA’'F. Fielding. 
Lower Subordinates, 
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The area which had been specially selected for instructional work, lay in sheet 57 K/4 
and as had been anticipated, proved suitable in every way. The hills in the centre of the 
sheet enabled the majority of the pupils to get instruction in sketching and contouring. The 
low ground was sufliciently undulating to admit of accurate contouring at 25 feet vertical 
interval, and possessed a fair amount of varied detail. 
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Communications throughout the sheet were excellent—metalled roads traversing the 
country in all directions, and a light railway running north and south through the area under 
survey. 

The health of the section was on the whole very good. There was an outbreak of a 
type of influenza towards the close of the season which incapacitated a large number of the 
menials but all-cases were successfully treated at the local hospital. 

The field season closed about 18th April when the section returned to recess quarters 
in Bangalore. 

The area surveyed in the field approximated 338 square miles, or an average of 16 
square miles per man. The whole of sheet 57 K/4 was not completed, an area of about 40 
square miles remaining unsurveyed. In several cases where the ground was suitable, surveys 
of 2 adjoining plane-tablers overlapped, and in the hills, the majority went over the same 
portion of ground on their margins. 

On return to recess quarters, the pupils were started on a course of instruction in fair- 
mapping and the use of the line and swivel pens. 
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EASTERN CIRCLE. 
( Vide Index Map No. 1). 


Summary.—This circle was under the superintendence of Lieut.-Colonel E. T. Rich, 
C.I.E., R.E., up to 22nd November 1920 and thereafter under that of Colonel W. M. 
Coldstream, R. E. to the close of the survey year. It comprised Nos. 9, 10, 11, 12 and 21 
Parties and No. 5 Drawing Office, exclusive of survey units of Local Governments under the 
administrative charge of the Superintendent. 

The detail survey consisted of :-— 

6,476 square miles of half-inch original survey. 


3,609 _ ,, »» 99 one-inch original survey. 
703 _—Ci,, »» 99 One-inch supplementary survey. 
182 =O, 9» 9) one and a half-inch revision survey. 
236 4, » 4, two-inch original survey. 
69, 55 99 four-inch original survey. 


No. 9 Party (BENGAL, BIHAR AND ORISSA). 
By Br.-Lt.-Cotonet R. H. Puiiiimore, D.S.O., R.E. 


The party continued one-inch survey in the neighbourhood of Calcutta. Sheets 79 
B/s. 11. 15, C/s.6 were completely surveyed ; 
sheets 79 B/iz.16, C/1. 9 were surveyed up to the 


PERSONNEL. 


Class I Officer. 


Bt.-Lt.-Col. R. H. Phillimore, D.S.0O., R. E. in 
charge. 
Class II Officers. 


M .E. J. Biggie. 
, E.G. Hardinge, from 18th May 1921.° 
,» Amar Krishna Mitra. 

Lt. C. S. McInnes, from 6th June 1921. 


Mr, Bhupendra Nath Saha, M.Sc. (on probation). 


Upper Subordinate Service. 


Mr. Jagdeesh Prasad Vastav. 
, Amulya Charan Ghosh to 26th March 1921, 
,, Gopal Lal Mitra. 
,, Sasadhar Mukerjee (on probation). 


Lower Subordinate Service. 
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limit of the forest surveys that had been made 
by No. 6 Party, in seasons 1906-08. Part of 
sheet 79 B/s surveyed in season 1918-19, was 
revised, and the portion of 79 B/1o left unfinish- 
ed in season 1919-20, was completed. Sheets 79 
B/s. 4.7 were commenced but could not be com- 
pleted. 

Work was also carried out in_ Bihar, 
sheets 72 L/1. 5. 6 being completed on the one- 
inch scale. 

Field headquarters opened at Barrackpore on 
December Ist 1920, and closed on 10th May 1921. 
The lateness of the start was due to arrears of 
mapping, and also to the character of the country 
south of Caleutta, which does not dry up till late 
in December. 


The country within 20 miles of Caleutta was densely populated and well covered with 
trees; further south, a large area of the Sundarbans came under survey, of which the greater 
part had been recently reclaimed ; about 270 square miles of uncleared forest were surveyed. 

The whole country south of Calcutta lies below the level of the highest tides, and is 
‘ntersected with a maze of tidal creeks. In areas which have been reclaimed over 50 years, 
there are wide swamps and 4z/s, which are partly cultivated and are gradually being reclaimed 
by artificial drainage channels. Villages are enclosed in rich garden lands, and a thick 
erowth of bamboos, palms, and fruit-bearing trees. 

In areas more recently reclaimed, the country is covered with embankments that keep 
tidal water from spreading over cultivation, and the creeks which are thus cut off from the 
tides remain as a network of formidable obstacles, slowly silting up. Occasional sluices. 
allow drainage to pass through these embankments. The more recently reclaimed areas are 
very bare of trees. 

The uncleared forest areas can only be surveyed from boats; they are completely 
submerged by the highest spring tides, and are covered by dense jungle; though tigers and 
crocodiles were frequently seen, they caused only one casualty in the party ; a hired boatman 
having his leg taken off by a crocodile when sitting in the boat. 

Survey was based on theodolite traverse connected with tower stations of the Great 
Trigonometrical Survey. 

In open areas, plane-tablers made interpolations from prominent trees and points fixed 
by traversers, but in congested areas a great deal of work had to be done by plane-table 


traversing. 
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In uncleared forests plane-table traverses followed the banks of tidal creeks for 
considerable distances ; actual chaining along the banks at low tide was very slow and terribly 
hard work, the mud being at least knee deep. 

Some surveyors made good progress by using two small boats, with a light rope of 10 or 
12 chains stretched between them. 

One surveyor worked more quickly with one boat, on which he measured off two 
marks half a chain apart ; one shalas: posted at the front mark, drove in a succession of 
bamboo poles as the boat moved along ; another shalase at the back mark picked the poles out 
and sang out to the man in front as his back mark passed the poles in succession. 

Surveyors were encouraged to survey the smaller creeks by eye; it was found that 
distances up to 20 chains could be judged by eye with quite sufficient accuracy. 

Giood junction was made with the work of No. 6 Party of seasons 1906-08, although 
it had been impussible to connect the traverses on which the two surveys had been based. 
Even though rigorous chaining was impossible in the forest areas no discrepancy was found 
over 6 chains. 

In the forest areas little change seems to have occurred during the last 15 years, except 
for the islands formed in the middle of rivers. Large changes were fcund, however, in the 
courses and nature of rivers and creeks in the reclaimed areas since the revenue *survevs of 
1850-70. These changes are due to the construction of embankments which esntiie the 
tidal waters in the streams, and cause increased deposits of silt. 

Great expense was incurred in the hire of country boats for work during the season ; 
each surveyor working in the Sundarbans area required three boats varying from 100 to 500 
maunds in capacity, the larger one for the housing of himself and his squad, and the other 
two for survey work, and for fetching drinking water and suppiies. The bill for boats 
amounted to Rs. 3,000 a month for the party. 

For supervision by the officer in charge and camp officers the Commissioner of the 
Presidency Division very kindly placed his launch STELLA at the disposal of the party ; 
the Government of Bengal were unable to spare any other launch, and the hire of suitable 
launches from private firms was prohibitive, the normal rate being Rs. 100 aday. With 
another launch the men could have been visited more frequently, and could have been helped 
to more rapid methods. Many of them spent far too much time surveying petty details of 
creeks and embankments. 

Sheet 79 C/6 had to be traversed and plane-tabled simultaneously, as the traversers 
had been unable to reach this sheet the previous season. This work was carried out ina 
satisfactory manner by surveyor Hari Datta. After his theodolite traverse had been com- 
puted and plotted on return to recess, his plane-table survey was adjusted to it; the greatest 
error to be adjusted was 11 chains across a distance of 184 chains. His plane-table survey 
was carried toa direct distance of 16 miles from his initial fixed points. He measured most 
of his distances by subtense bar. 

Health.—W ork was delayed and interrupted by sickness nicht through the field season. 
Three surveyors failed to join at the beginning owing to ill health; Surveyor Khalil-ur- 
Rahman was only fit for light duty from the start and eventually broke down altogether ; 
Mr. Vastav and Mr. Ghosh both suffered from ill health, and Mr. Ghosh was granted leave 
from March 27th. 

Two khalasis died of cholera within a week of joining the party, and the precautions 
which had to be taken delayed the start of field work over a week. Six other /ha/asis died 
during the field season. 

Surveyors kept fairly fit till the middle of March, when they began falling sick at an 
Four surveyors were on the sick list for over six weeks in March and April, 


alarming rate. 
malaria, and dysentery ; two surveyors were bitten by rabid animals, and had to 


from cholera, 
go for treatment to the Pasteur Institute in Shillong. 
Unfortunately all these casualties, except one, occurred in No. 3 Camp in the more 


snaccessible areas; work was greatly disorganised, for it was impossible to replace the sick 
men by pupils, who formed the bulk of the party. 

Brackish water was a large cause of discomfort and sickness, and though surveyors 
were issued with water pakhals, chagals and bottles, it was difficult to keep them supplied 
with really fresh water, which was only found in a few well made tanks. ‘There was a great 
deal of cholera amongst the villagers all over the district, and the party was really very lucky 


not to have more cases. 
Jemadar Kashi Ram, I. M. D., Sub-Assistant Surgeon was attached to the party 
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throughout the field season, and was of the utmost assistance in keeping surveyors and the 
camps in good health ; he was continually on tour, holding inspections of personnel, distributing 
medicine and looking to sanitation of camps. 

Plane-tabling.— Work in Bengal was divided into two camps as under :— 

No. 2 Camp.—(5 trained surveyors, 1 instructor, and 9 pupils), was under Mr. 
J. P. Vastav, and surveyed sheets 79 B/s, C/1 and parts of 79 B/3. 4. 7, C/s. 

No. 3 Camp.—(9 trained survevors, 1 instructor and 3 pupils}, was under Mr. 
A.C. Ghosh, and surveyed sheets 79 B/11.12.15, C/6 and parts of B/10. 16, C/s.9. 

During February and March, another Camp (No. 4) was formed under Mr. G. L. Mitra, 
to relieve Mr. Vastav of work in sheets 79 B/3.7. 

Towards the end of March, Mr. Ghosh and several of his surveyors went sick ; further 
work in sheets 79 B/s. 4.7 was abandoned, and Mr. G. L. Mitra took charge of No. 3 Camp. 

The above work was one-inch original survey. 

Three surveyors under the immediate supervision of the officer in charge were emploved 
on the revision of sheet 79 B/s, They revised an area of 182 square miles on the one and a 
half-inch scale, working on blue prints of the fair sheet drawn in 1919. 

Work in Bihar was under charge of Mr. E. J. Biggie as No. 1 Camp, which was 
entirely an instruction camp. Mr. Biggie with one instructor and 14 pupils surveyed an 
area of 703 square miles, supplementary survey on the one-inch scale, completing sheets 
72 L/1.5.6 and doing some work in 72 L/g. 

Work was carried out on blue prints of the preliminary editions, which had been com- 
piled by the Bengal Drawing Office from recent cadastral surveys. The detail in the plains 
was found most accurate. Supplementary work entailed survey of hilly areas, and contouring 
throughout, entering relative heights, trees, and other topographical information ; and revising 
village sites and classifying roads. The country was generally open and very easy to survey. 

The average out-turn for each trained surveyor on one-inch original survey was 
29 square miles a month; the average monthly out-turn for each pupil on original and 
supplementary surveys, one-inch scale, was 15 square miles a month. 

The cost-rate for the whole detailed survey (3,000 square miles) comes to Rs. 41 a 
square mile. This cost-rate is very high, because two-thirds of the plane-tablers were pupils 
under instruction. 

Traversing.—The area traversed in sheet 79 C/g covered 120 square miles, with 89 linear 
miles of theodolite traverse. Practically the whole area was unreclaimed forest intersected 
with tidal creeks, and the traverser avoided jungle-clearing by following the banks of the 
creeks, using subtense bar and some triangulation, with as little chaining as possible. 

Fair-mapping (in fic/d).—One surveyor was kept at field head-quarters until end of 
March, working at arrears of mapping. 

Recess Duties.—When the party took the field on 1st December 1920, only one sheet 
surveyed in 1919-20 had been submitted for publication. A section of draftsmen continued 
work in Shillong till December 20th, and two sheets were submitted on 10th January 1921, 
leaving sheets 79 B/2.6.9.13.14 still in arrears. These sheets were not completed till return to 
recess; the last sheet 79 B/e will be submitted in November 1921; this sheet contains the 
City of Caleutta, and is very congested with detail. 

The party opened fair-mapping in recess on May 16th, with 5 arrears and 14 new 
sheets. Of these, twelve sheets were still uncompleted on November Ist, 1921. 

As the drawing strength of the party, other than pupils under instruction, numbered 
only 14 surveyors, ten draftsmen were attached from No. 5 Drawing Office during recess ; 
and the sheets were double-banked right through. 

There was much delay at the beginning of recess in obtaining blue prints from 
Calcutta; an average of 44 days elapsed from date of handing in plane-table sections in 
Caleutta to date of receipt of the final enlargements in Shillong. This delay was mainly 
due to the journeys backwards and forwards, each journey averaging 8 days and being made 
three times. 

Fair-mapping was supervised by the following officers :— 

No. 1 Section.—under Mr. E. G. Hardinge, with sheets 72 L/1.5.6 and 79 C/1, 

No. 2 Section.—under Mr. A. K. Mitra, with arrears sheets 79 B/2.6.9.18.14 and 


new sheets 79 B/5.8.10. 
No. 3 Section.—under Lieut. C. S. MeInnes, with sheets 79 B/11.12.15.16 and 


79 C/6, 6. 9 
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A small computing section under Mr. J. P. Vastav assembled the traverse records of 
sheets 79 A and B, and prepared data for next field season. 


Training of puptls—The party took the field in December 1920 with the following 
officers and pupils for instruction in plane-tabling :— 
1 Class II officer. 
1 Upper Subordinate officer. 
6 second year pupil surveyors. 
3 soldier surveyors. 
19 first year pupil surveyors. 

Two pupil surveyors were discharged during the field season, but the remainder did 
well and produced an average of 59 square miles each during the season. 

One trained surveyor acted as instructor throughout the season, and two others acted 
for a couple of months. One instructor to every six pupils would have produced better 
results. 

14 new pupil surveyors were appointed during June 1921 and were trained in plane- 
tabling on the 4-inch scale round Shillong. 

During recess, 2 soldier surveyors and 8 pupils were transferred to other parties, and 
two more pupils were discharged. 


No. 10 PARTY (UPPER BURMA). 
By W.G. Jarso. 


This party continued the detail survey in Putao district and in the Hukawng valley 
which is unadministered and algo surveyed a small 


PERSONNEL. portion of the tribal territory lying between the 


Class I Officers. Mali Hka and ’Nmai Hka generally known as “The 

Lient.-Colonel EB. T. Rich, C. 1. E., RB. E., in charge Triangle’’, the total area dealt: with extending over . 
from 7th December 1920 to 17th May 1921. parts of sheets 92 B/NE. sw. SE. and 92 F/nw, ng. 

Captain O. Slater, M. C., R. E. (on probation). SW. SE. 
Ciass II Officers. The country under survey ranges in altitude 
: 

Mr. W. G. Jarbo in charge to 6th December 1920 from 650 feet on the Tanai Hka to 11,000 feet at 
and from 18th May 1921. Bumhpa Bum, being for the most part covered 
Mr. G. E. R. Cooper. with dense jungle. The areain the Hukawng 
» .H. Creed. ; 


valley comprised a level plain crossed by numerous 


H. M. Critchell (on probation). : 
j ee big streams and bounded on the north and east by 


99 


Upper Subordinate Service. high hills. . 

Gs Napa Mohaninad eR ss, The field season opened on the 30th October 
», Dhirendra Nath Saha. 1920 and closed on the 20th May 1921, buta 
», Ram Prasad, R, 8. small camp of two surveyors and an Upper Sub- 

Maung Fe, a. T. M. ordinate officer who had been working in Putao 

Lower Subordinate Service. district from June 1920 continued work there till 


nearly the end of May 1921 and returned to 
Maymyo between the 14th and 22nd July 1921. 


15 Surveyors, etc. 


The health of the party was good. 


Plane-tabling.—The total area surveyed was 3,843 square miles, all of which was done 
on the half-inch scale, and of this area, 1,20] square miles have been dealt with in another 


report. 


No. 1 Camp.—Under Mr. H. H. Creed with Captain O. Slater and 11 surveyors com- 
pleted an area of 2,454 square miles on the half-inch scale’ in sheets 92 B/NE. SW. SE. and 
92 F/nw. sw. comprising a portion of the Hukawng valley. 


Maung Pe, Sub-Assistant Superintendent, and surveyor Maung Po Kye, who were 
working independently of a camp officer, surveyed 188 square miles in the tribal territory 
between the Mali Hka and ’Nmai Hka known as “The Triangle” in sheets 92 F/NE sE. The 
former continued work in the “Triangle” till the 10th April while Maung Po Kye only 
worked there till the end of January and then joined No. 1 Camp, both having been recalled 
at the instance of the political authorities as it was feared that they might become involved 
in some of the inter-tribal feuds. 
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The cost-rate of half-inch original survey is Rs. 33:5 per square mile, and is higher 
than that of last year, which was Rs. 27-2 per square mile for the same scale of survey. 


Triangulatton.—Triangulation in advance for detail survey on the half-inch scale was 
carried out in sheets 83 N/Nw. NE. Sw. SE. and 92 A/swW. SE. 


Mr. Hayat Muhammad triangulated for detail survey on the half-inch scale in sheets 
92 A/sw. se. and Mr. Ram Prasad in 83 N/NW. NE. SW. SE. 


The area triangulated embraced the northern portion of the Hukawne and also a part 
of the unadministered area to the west of the Upper Chindwin district which is inhabited 
chiefly by Nagas. 

The cost-rate of the triangulation is Rs. 16-2 per square mile, which is much higher 
than that of last year which was Rs. 6°4 per square mile. This is due largely to the very 
high rate of wage of the coolies and to the great cost of transport of the rations of Mr. 
Hayat Muhammad and his men in the Hukawng. 


Five pupils of the party were under instruction. The cost of the instruction camp was 
Rs. 16,357. 
Recess Duties.—(a) The fair-mapping of the party was under the charge of Mr. H.H. 


Creed till the arrival of Mr. G. E.R. Cooper on the 22nd July, after which it was divided 
into two sections. 


No. 1 Section —Under Mr. G. i. R. Cooper with Mauny Pe and 6 draftsmen completed 
the fair-mapping of 2,217 square miles in sheets 92 I/nw.sw.sk. These three sheets will be 
submitted for publication before the party takes the field. 


No. 2 Seetvon—lUnder Mr. H. HB. Creed with Mr. H.M. Critchell and 8 surveyors 
completed the fair-mapping of 2,294 square miles in sheets 91 H/12 and 91 H/7.8, 92 C/25.9.13, 
92 G/i, 92 E/nw. and A/ne., 92 E/sw. and A/se., 91 H/swasse. 91 L/sw.. 92 E/sz., 
92 F/nw.sw. and 92 I/nx., allof which will have been submitted before the 1st November 


1921. 


(4) The computations of the season’s triangulation were carried out by Messrs. 


Hayat Muhammad, K.S., and Ram Prasad, R.S., and completed. 


Inspecttons.—The Surveyor General and Superintendent, Kastern Circle, inspected the 


party during recess. 


No. 11 PARTY (LOWER BURMA). 


By Capraty T. M.M. Penney, R. FE. 


The field programme of the party was as follows :— 


PERSONNEL, 
Class I Officers. 


Mr. J.O. Greiff, in charge to 30ch June 1921. 

Captain 'T. M. M. Penney (on probation) attached 
from 3rd May 1921 and in charge from Ist 
July 1921. 


Class II Officers, 


J. H. Hart. 

_C. Saint to 3rd March 1921. 

.J. Grice from 14th October 1920, 

. V. Dickson from 5th February 1921. 


Upper Subordinate Service, 


. Pratul Chandra Sen Gupta, B.Sc, 
Khan Muhammad from Ist April 1921, 


Lower Subordinate Service, 


31 Surveyors, etc. 


(a) Continuation of the topographical pro- 
gramme on the one-inch scale in the district of 
Mergui, Lower Burma. 

(4) Traversing of the boundaries of five 
reserved forests in the Ataran Forest Division in 
the Amherst district and supplementary triang- 
ulation of existing work to give points on which 
to base the traverses. 

(c) The completion of the triangulation in 
the Mergut district to Victoria Point and the con- 
nection of this to the Siamese work along the 
administrative boundary and the revision and sup- 
plementing of last vear’s work. 

The nature of the country surveved in the 
Mergui district has already been alluded to in 
previous reports and the same dense jungle 
stretching over steep hills and deep valleys, the 


same mosquito and sandfly infested mangrove swamps and the entire absence of roads and lack 


of habitations were encountered this year. 


The area surveved comprised the head waters of the Nyawun river, the upper reaches 
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of the Lenya, the basin of the Klohng Kathom, the land lying between the Lenya and the sea 
and one area consisting practically entirely of mangrove swamps and long tidal creeks. 


The whole area is densely wooded, not only with forests, trees of great girth and 
height, but with tangled scrub and creeper jungle which greatly augmented the difficulties 
usually encountered in a country possessing no communications and few inhabitants. Some 
idea may be gathered of the immensity of the trees when it is pointed out that a machan on 
the banks of the Ngawun was 167 feet above the ground and at least 12 feet from the top of 
the tree; this one only just happened to be measured not that it was in anyway taller or 
grander than any of its surrounding fellow giants. The greater portion of this area is 
uninhabited—there being only a few fishing villages along the coast and one or two along the 
banks of the Lenya. Much of it is waterlogged marsh and swamp, in whieh, as well as in the 
streams, along the beds of which was often the only route that could be followed, were count- 
less leeches—the only protection against which were linen socks or stockings and whose close 
companionship was an additional source of inconvenience to the traveller. 


The Ngawun Chaung in its upper reaches is in parts a torrent rushing over falls and 
rocks and forming deep dark pools of clear water. Every step of the way into the interior 
had to be cleared, and often the water in streams along which one had to wade was well above 
the knee. The Lenya river is a large tidal stream navigable for large country boats and 
shallow draft launches up to the village of Lenya. 


The eastern boundary of the area surveyed was the administrative boundary between 
Burma and Siam which follows the watershed dividing the waters of the Bay of Bengal from 
those of the Gulf of Siam. Though this is a clearly detined ridge line, the hill features falling 
away from it and rising again to the west to form the watershed between the Ngawun and the 
Lenya are so broken and irregular, so densely wooded and so cut up with streams and water 
courses that plane-table fixings were a difficult and lengthy process on account of the amount 
of clearing required and the plane-table traversing that often had to be resorted to is at all 
times a very slow method of work. The seaboard areas were in dense mangrove swamp and 
the only method of work was to carry out plane-table traverses in boats up and down the 
numerous creeks by which the mangrove swamps are intersected. 


The whole of this area with the exception of the south-western portion was terra 
tncognita and had never been mapped before, in the south and western portions old one-inch 
maps published about 1890 were available. 


The area trianvulated was very much the same sort of country but towards Victoria 
Point the jungle is not so dense and a mule road exists between Victoria Point and Maliwun 
and Marang. 


The area in which the triangulation and traversing were done in the Amherst district 
was mostly flat forest and cultivation-covered land, but; in one portion, where four 
triangulation stations had to be established, there is a remarkable pinnacled outcrop of 
rock rising from 500 to 1,200 feet, the ascent of which was impossible except with the 
use of ladders ; in one instance 26 ladders totalling a length of nearly 600 feet had to be 
employed, which rendered the formation of triangulation stations both difficult and 
dangerous. There is a steamer service on the Ataran river connecting the surrounding 
country with Moulmein, and a motor service on the Moulmein-Amherst road. 


It was impossible to complete the programme of detail survey in the Mergui district 
for the following reasons :— 


Only twelve experienced surveyors were available whose out-turn was very good 
and not below the average, being 24 square miles per man per month. 


The three pupils with training at Maymyo and one season in the field at Syriam 
were quite at sea in the difficult Mergui district and not till the end of the season did they 
seem to be able to master the difficulties of the local terrain. Abnormal bad weather which 
started about 20th April continued right through May and the rainfall during the preced- 
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ing months was quite exceptional, seven days continuous rain occurring in December, which 
flooded all the streams and upset many arrangements and caused the unavoidable and heavy 
loss of twenty-five mules. 


The roads towards the Siam boundary which had to be cut, proved extraordinarily 
difficult and troublesome, and to move a surveyor from one bit of ground to another to help 
one who might be behindhand proved to be almost impossible. 


The field season headquarters opened in Mergui on the 16th November 1920 and 
closed on 21st June 1921. 


The health of the party was good on the whole, two khalasis died of sickness in 
Mercui, but the end of the field season was clouded by the outrageous murder of 1st class 
surveyor Abdush Shakur, who was wantonly done to death by his own tindal and _ khalasis 
within two days of the completion of his work, a dastardly crime, which had been planned a 
month before solely because the surveyor could abide by no laziness on the part of his menials 
and expected them to show the same spirit of conscientious hard work as he did himself. 


The party was most unfortunate during the recess season. One Ist class surveyor and 
one draftsman took seriously il] and were recommended for long leave on medical certificate 
and also the party suffered the loss of 1st class surveyor Partab Singh who took suddenly ill 
and died within 24 hours. His death will be a great loss to the party. 


Plane-tabling.—The field work was divided up into two camps :— 


No. 1 Camp.—Mr. Hart in charge, with seven surveyors formed No. ] Camp with 
headquarters at Lenya, and surveyed an area of 694 square miles in sheets 96 M/3.7 and 
parts of I/15.16 and M/4. 


The hospital was under the control of this camp throughout the season. 


No. 2 Camp.—Mr. Grice in charge, with four surveyors and three pupils, formed 
No. 2 Camp with headquarters at Bokpyin and surveyed an area of 530 square miles in 
sheets 96 I/11. 15. 16 and M/s, 


Surveyor Muhammad Din surveyed under the direct control of the Executive Officer 
an area of 270 square miles in sheets 96 I/9 and I/s. 


The cost-rate 1s as follows :— 
Original one-inch....... Rs. 98:79 per square mile. 


The cost-rate is of course much affected by the increase of pay and allowances which 
have been given throughout the department. 


Pupils who were employed in the Mergui district cost as much for their squads and 
mules and contingencies as any other surveyor and the out-turn of the three pupils was only 
75 square miles in all. The Mergui district owing to the necessary heavy expenditure involv- 
ed in its survey and the difficulties encountered is quite unsuitable for the employment of 
pupils who ean receive their training at less cost in some easier and less expensive country. 


Triangulation.—Triangulation was executed by Mr. Khan Muhammad in sheets 96 
J/1. 2.5.6. 8. 9.10. 11, 12. 13.14.15 and K/9 covering an area of 2,012 square miles, including 
3855 square miles of sea-area and revision of last year’s work. The work to the south was 
new work but he also revised and supplemented with additional points the triangulation 
that had been carried out the previous season. One station and an intersected point of the 
Siamese work were utilised as stations and four other Siamese stations were intersected. 
The exact position of the one mutual station could not be discovered as there was no definite 
mark-stone found, so it cannot be said that any real connection was established with the 
Siamese triangulation. The statement below shows the comparative values as obtained by 
Mr. Khan Muhammad and the Survey of Siam. 


Vol. XVI.) 


TOPOGRAPHICAL SURVEY. 


31 


Comparison of the Values of Stations common between Mr. Khan Muhammad’s and Siamese 
triangulation, Season 1920-21. 
Inst of Latitudes, Longitudes and Herghts of Trigonometrical Stations and Points. 


(Siamese triangulation values are printed in Roman figures, and Mr. Khan Muhammad’s values in Italic figures). 


Height 
Name of Station or Point. Latitude. Longitude. in 
feet. 
o + ” oF " 
Khao Den frontier hill 891 RQ. ! Signal 10 49 37-41 | 98 59 58-90 | 1751-5 - 
| AS. 10 49 38:22 | 98 59 59:08 | 1780 8 | gr. ES. 
Khao Den frontier hill 893 R. S gnal 10 56 0:90 | 99 Oo 23-60 | 1464-8 * 
Intersected point| 10 56 1°61 | 99 O 23°70 | 1539-2} T. Intersected 
Khao Sung — HS. 10 568 36°55 | 99 8 35°18 | 2595-9 ” ee 
| Tree. Intersected| 10 58 37°67 | 99 8 36°27 | 2634-2] T. do. 
Khao-Tejyei 8. 1] 14 18°23 | 99 18 14-75 | 2938-8 t 
ALS. 11 14 18°58 | 99 18 14:78 | 2976 3 | gr. do. 
Khao H, Mark . | Intersected point| 11 3 31-60] 99 11 2-90 | 2169-7] * 
HS, 11 3 32°69 | 99 11 2 83 | 2196:8 | gr. AS, 
Khao-Ptai-glohug Signal 10 41 5:30] 98 54 50-90 | 2235°6 | * 
Topo. point 10 41 6°49 | 98 54 50-62 | 2253-9 | gr. Pe een 
point, 


* There is no mention to which part of a signal the heights are referable. 
gr.—indicates yround. T.— indicates top of tree. 


The cost-rate is as follows :— 


One-inch Triangulation and Computation...Rs. 15-57 per square mile. 
The triangulation is considerably cheaper than last year and credit is due to Mr. Khan 
Muhammad newly appointed as an Upper Subordinate for the efficient manner in which it 
was carried out. 


Traversing.—No. 3 Camp.—Mr. Sen Gupta in charge, with two traversers and two 
pupil traversers, formed No. 3 Camp and completed the boundary traverse of five forest, 
reserves as well as the supplementary triangulation on which the traverses were based, 
covering an area of approximately 327 square miles and 275 linear miles of traversing in 


sheets 94 H/11. 12. 15. 16, L/4 and portion of 95 E/9. 13. 
ftecess Duties—(a) In rece-s the fair-mapping 
sections :— . 


No. 1 Section —Under the charge of Mr. Grice 
sheets 96 I/15 and M/a.7. 


No. 2 Sectton.—Under the charge of Mr. Dickson 
sheets 96 I/9.11 and M/s. 


Drawing Office Section—Besides the above, a Drawing Office was maintained at 
Maymyo throughout the field season under the charge of Mr. Saint till 4th March 1921, 
when he proceeded on leave and was succeeded by Mr. Dickson. It was employed on the 
fair-mapping of the following sheets :—93 O/sw., P/nw., P/sw., P/sx., P/ng., 95 J/sw., J/sz, 
K/ne., F/nx., F/se., K/sw., and 102 D/nx., D/nw., D/sw., G/nw., G/sw., on the half-inch 
scale and the following sheets: 96 M/2, I/6, I/14, and 93 I/)4 on the one-inch scale. 


of the party was divided into two 
employed on the: fair-mapping of 


employed on the fair-mapping of 


11 were despatched for publication, 6 sent to No. 5 Drawing Office for completion and 
the other three will be completed by the Maymyo Drawing Office in due course. 


During the year under report, the following sheets have been submitted for publication: 
95 J/sw., K/sw., F/sr., 102 D/xw., D/nz., D/sw., G/sw., on the half-inch seale and 
96 M/2, M/e, I/1s. I/18, I/6, 93 1/14 and 96 1/9 on the one-inch scale, the last one being 
this season’s field work ; sheet 96 M/7 is also completed and will be despatched as soon as 
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the plane-tables are available from the drawing of sheets 96 M/3 and M/4 which two sheets 
together with sheets 96 I/11 and I/15 will be ready for despatch by the end of October 1921 ; 
this will again mean that the party has no arrears of mapping. | 


(6) No. 3 Section. Under the charge of Mr. Gupta comprised the computing section and 
carried out the computations of the triangulation of Mr. Khan Muhammad in Mereui district 
and the triangulation and traversing in the Amherst area. 


The computations of the triangulation have been completed and those of the forest 
boundaries will be completed a month before the party takes the field. 


Miscellaneous.—The most difficult problem in connection with the field work was the 
regular supply of provisions to the several camps and surveyors scattered over a large area 
conspicuous for the absence of roads. All supplies had to be sent from Mergui by boats and 
sent up from the camps by mules. The early loss of a large number of mules, due to 
unprecedented bad weather as already mentioned, greatly increased these supply difficulties 
and bad weather hampered the progress of the country boats employed round the coast by the 
surveyors and for the carriage of rations. Sandflies along the coast and lack of suitable 
camping grounds, the denseness and impenetrability of the jungle and the exceptional rainfall all 
contributed to making the field season a trying and arduous one. 


Inspecttons.—The party was inspected in the field by the Superintendent, Eastern 
Circle between Ist and 7th February 1921 and in recess by the Surveyor General on 2nd 
August 1921. The Drawing Office at Maymyo was inspected by the Surveyor General on 
the 24th January 1921 and by the Superintendent, Eastern Circle on 6th and 7th December 
1920 and 24th January and 18th May 1921. 


No. 12 PARTY (ASSAM). 


By Br.-Lt.-Cotonen C. M. Browne, C. M. G., D. S. O., R. E. 


The party carried out detail survey on the scales of 2 inches and 4 inch = 1 mile and 
triangulation and traversing in the districts of 


PERSONNEL. Cachar, Nowgong, Khasi and Jaintia Hills, 
Class I Officers. Naga Hills, Sibsagar and in Manipur State. 
: jaan Se 
Major F. B. Scott, I. A., in charge up to 3rd The country consisted partly of plains and partly 
November 1920. of low hills in Nowgong and Sibsagar and of 


Bt.-Lt.-Col. C. M. Browne, C. M.G.,D.8.0.,R8.E., hills, mostly densely wooded, with occasional 
inchanpedrony ats Naver ben tery: grass areas in the other districts. 


Class II Officers. The field season extended over a period of 

Mr. KE. M. Kenny. 6$ months from 5th November to the 20th May. 
» D.K. Rennick, M. B. EK. The health of the party was not very good; in 
» Prafulla Chandra Mitra, B. A. spite of the provision of mosquito nets for all 
Upper Subordinate Service. surveyors, there was a good deal of malarial fever. 


One clerk died of pneumonia, one surveyor was 
bitten by a rabid dog, 5 khalasis were killed by 
man-eating tigers, 2 others died of pneumonia 
31 Surveyors, ete. and Abbas Ali tindal died of natural causes (he 
had very long service). 


Mr. Girija Sonker Bagchi. 


Lower Subordinate Service. 


Plane-tabliny.—The country surveyed was mostly dense jungle with scattered villages 
and patches of cultivation intersected by rivers, which for a great part run in deep gorges. 
Coolies are the only means of transport, supplies were diflicult to obtain and expensive. The 
major portion of the work being on the half-inch scale, supervising officers had to cover a lot 
of ground in order to examine the work of the surveyors. As walking was the only means 
of conveyance, it was diflicult properly to supervise the work of many surveyors under these 
conditions. In a great part of the area under survey, chaining had to be employed and the 
advantages of the half-inch scale were lost ; n fact, if a surveyor has to work with a chain, it 
is probably more difficult to work on the half-inch than on the one-inch scale. 

The party was divided into two camps :— 

No. 1 Camp.— Headquarters Khorunema, under Mr. E. M. Kenny with 11 surveyors 
and 1 pupil, surveyed 1,041 square miles of original survey on the }-inch scale and 116 
square miles of reserved forests on the 2-inch scale in parts of sheets 83 C/NnE. SK. 
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No. 2 Camp.—Headquarters Baitha-langso, under Mr. P. C. Mitra with 10 surveyors, 
surveyed 1,592 square miles on the }-inch scale and 17 square miles of reserved forest on the 
2-inch scale. Work in the plains and low hills was carried out by plane-table traversing 
based on theodolite traverses and in the hills by interpolation. 


Trtangulation.—Triangulation was carried out by Mr. D. K. Rennick in sheets 
83 G/3, 4. 6. 7.8.10. 11. 12. 13.14.15 and by Mr. G. 8S. Bagchi in sheets 83 G/1.5. |The country 
was mostly densely wooded, hills rising to about 9,000 feet; a large amount of jungle clearing 
was necessary and labour and supphes were difficult to obtain. Rain and cloud in the months 
of April and May and dust haze in the months of February and March greatly interfered 
with the observations. 7 


Traversing.—Traversing was carried out along the boundaries of and within reserved 
forests in sheets 83 C/14, 88 G/1. 2. 5. 6.9. 10.13 and, in addition, traverse lines were run for 
detail survey in other plain portions of the same sheets. 4 traversers were employed. The 
area is unhealthy and transport difficult to obtain. The devse jungle makes the work slow 
and laborious and, in parts, even water was difficult to get. Most of the traversers suffered 
from malaria, the out-turn is consequently rather small and the cost-rate high. 


326 linear miles were traversed, covering an area of 248 square miles: 3,490 stations 
were observed at, of which 58 can be considered as permanent. 


Recess Duties—(a) The fair-mapping was divided into three sections at first, but, on 
Mr. Mitra going on privilege leave, his section was amalgamated with that of Mr. Kenny. 


No. 1 Section, under Mr. E. M. Kenny, carried out the fair-mapping of sheets 
83 C/nw. NK. sw. SE. on the half-inch seale, part of 83 C/sk. and the major part of 83 C/sw. 
having been drawn in recess season 1920. 


No. 2 Section, under Mr. D. K. Rennick, carried out the fair-mapping of the follow:ng 
resetve forests on the 2-inch scale:—Rangkhang, Hojai, Habaipur, Barpani, Krungming, 
Saipung, Narpuh block No. I, Narpuh block No. II, Barail and Cachar (the latter in two 
sheets), all from original surveys of season 1919-20 or 1920-21. 


The innovation, as far as this party 1s concerned, of the party drawing its own forest 
sheets was very successful; draftsmen not practised enough for the half-inch fair sheets can 
be employed and it is very good practice for them. Much drawing can also be done in the 
early part of recess pending the return of some of the blue prints from Calcutta, in which 
inevitable delay takes place. 


(6) Mr. G.S. Bagchi, 3 computers and 3 traversers completed the computations of 
the triangulation and traversing done during the last field season and the four-inch boundary 
plots of artificial boundaries of the following reserve forests have been completed and will be 
submitted—Krungming, Hoja:, Rangkhang and Habaipur. There are no boundary plots in 
arrears except those for survey 1921-22 which will be drawn and submitted when the survey 
is complete. 


Miscellaneous.—Surveyor Singh Bir Thapa was working in sheet 83 C/12 in the area 
reported deserted in last year’s report. All went well till the work was nearly finished and 
he was near the deserted viliage of Rymphing in the beginning of February, when no less 
than five of his ¢halas¢s were killed by man-eating tigers withinafew days. Lt.-Col. Browne, 
and Mr. E. M. Kenny, proceeded there with two elephants, rescued most of the kit and 
enabled the surveyor to complete the work. 


Singh Bir Thapa for his exemplary conduct and devotion to duty on this occasion was 
awarded a Certificate of Honour and an honorarium of Rs. 100, the former was presented 
to him by the Superintendent, Eastern Circle at a durbar held at Shillong on 18th September 
1921. 


The party’s elephants were of great assistance in Cachar and Nowgong districts ; rice 
and supplies had to be carried to the surveyors in the forests, ete. 


Inspections.—The Surveyor General inspected the party on 30th August 1921. The 
Snperintendent, Eastern Circle inspected the party in the field in March 1921 and frequently 
in recess. The Superintendent, Map Publication visited the party on 22nd June 1921. 
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No. 21 (BURMA FOREST) PARTY. 
By S. F. Norman. 


This party continued detail forest surveys on the 4-inch and 2-inch scales in. Upper 
Burma and the Shan States in sheets 


ee 88 P/9.10.13.14 and 93 D/1.56.9.10 and 
Mr. H. W. Biggie, in charge up to 18th July 1921. triangulated and traversed an area of 
Class II Officers. 405 square miles in Lower Burma. 


Mr. S. F. Norman, joined 25th October 1920; in charge, from The country over which operations were 


19th July 1921. . . : 
carried out consists of well wooded hills 
Lieut. L. B. Fitz-Gibbon, joined 16th November 1920, in charge, ; ; ‘ : 
Survey Training School. ranging in altitude from 200 to 3,500 
Capt. V. P. Wainright, from 28th October 1920. and 5,000 feet. 
Capt. C. B. Sexton, from 14th March 192]. ‘ The field season covered a period 
Mr. H. M. Critchell, (on probation ) from 25th October 1920 to ofcabout: 7 months, commencing fan 


2 th June 1921. : 
Uner Sibordinate Service 20th November 1920 and closing on 


Mr. Dalbir Rai. attached to Survey Training School. different dates between 25th May and 
» Ghulam Hasan, from 6th November 1920. 95th June 1921. 
gp. Bbamba tempo 1Otadaly Ae): The health of the members of the 


Lower Subordinate Service. 
14 Surveyors, etc. 


party in the field was not good. There 
were several deaths among the menial 
staff. Four kachins succumbed to pneumonia, 5 Hazaribagh khalasis died of malaria fever. 
One pupil surveyor, Maung San Shin, also died of fever. 


Plane-tabling.—(a) (Northern Forest Circle)—The total area surveyed on the 4-inch 
scale was 44,032 acres (69 square miles) at a cost-rate of Rs. 532-7 per square mile. This 
included the reserve of Hwelit and parts of Mode and Chaunggyibya Reserves. 


No. II Camp, under Mr. Ghulam Hasan, with three surveyors and 2 pupils, completed 
an area of 32-8 square miles in Hwelit, Chaunggyibya and Mode Reserves in sheets 83 
P/9.10.14. 19°9 linear miles of test lines were run and the work was also tested from 280 
in setu fixings by Messrs. Biggie, Norman and Ghulam Hasan. 


No. III Camp, under Mr. Bhamba Ram with Mr. Critchell and 4 surveyors, completed 
an area of 36-0 square miles in Mode, in sheets 83 P/9.13, The accuracy of the work was 
tested by 15-3 linear miles of chaining and 222 in situ fixings by both Messrs. Biggie and 
Bhamba Ram. 

The average monthly out-turn per man on this scale was only 1-3 square miles, due 
partly to the prevalence of malarial fever, and partly to the difficulty experienced in surveying 
with chain and compass; interpolation being practically impossible. 


The Mode Reserve area comprises paralle] ranges of hills bearing north-north-east and 
south-south-west covered with dense forest intersected by several large streams and very 
broken in the north and south, with ragged knife-edged cliffs rising to an altitude of 3,600 
feet. : 
Work in the Hwelit and Chaunggyibya areas was not quite so laborious but the thickly 
clad and intricate nature of the ground presented many difficulties. 


(b) Southern Forest Circle-—In the Meiktila and Southern Shan States Forest Divi- 
sions, areas of 28,864 acres (45 square miles) and 37,248 acres (58 square miles) respectively, 
of the following reserves:—Yupadaung, Wetpyuye and Ye-E completely and Magwe in part, 
falling in sheets 93 D/1.5.6.9.10, were surveyed on the two-inch scale. 


No. I Camp of 5 surveyors and one pupil, under Mr. Norman up to 3lst March 192] 
and thereafter under Captain Sexton, completed the area by 25th May 1921. The average 
out-turn per man per month was 3°6 square miles. The work was thoroughly tested by the 
two camp officers, 29-5 linear miles of test lines were run, and the detail further checked from 
1038 22 seta fixings. 


The country surveyed was of a varied nature. The Yupadaung Reserve lying along 
the foot hills, comprises a good deal of low-lying flat uninteresting country, covered for the 
most part with clumps of bamboos and stunted tree growth, and ranges in altitude from 500 
to 3,500 feet. The Magwe, Wetpyuye and Ye-E reserves, occupying the uplands and border- 
ing on the boundary between Burma proper and the Shan States, are chiefly pine-clad in the 
higher ranges, and densely wooded in the valleys. They range in altitude from 1,000 to 
5,000 feet, and the main road from Thazi to Taunggyi divides the area longitudinally into 
the two large blocks which constitute the reserves. 
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Triangulation.—Minor triangulation was carried out by Captain Wainright in the 
Bassein Forest Division, Delta Forest Circle, in sheets 85 K/11.12.14.15.16and 85 L/9.3 
of 405 square miles. 12 new stations were built and 4 old ones visited and re-observed at, 
and in addition 32 intersected points were fixed. 


The triangulation was started from the base Letkék, Mogyuttaung H.S. of the 
Secondary Triangulation, executed by the Burma Party between. 1875 and 1881, and closed 
on the base Kyéndén H.S.-Kyauktalon H.S. of the same series. The area triangulated over 
consisted of dense bamboo and timber forest, which necessitated very heavy clearing. The 
country is very little known, has no roads or tracts, and the only means of getting through 
the forests was by following the main streams. 


Traversing.—The area traversed lies in all the sheets mentioned above and covers an 
area of 245 square miles comprising the following reserves :—Podaw, Kyeintali, Sitsayan, 
Shwemyindin, Kungyaung and Kyetpaung. In the latter two, the traverses are incomplete 
as work here had to be postponed owing to ‘hedda operations. A camp of one traverser and 
4 pupils under Captain Wainright completed the traversing of 186-3 linear miles by 31st 
May 1921. , 

Recess Duties.—(u) The fair-mapping for the season comprises the following reserves :— 
Mode, Chaungevibya, Hwelit, Yupadaung, Magwe, Wetpyuye and Ye-E in 7 sheets; 5 on 
the four-inch scale and 2 on the two-inch scale. 

The drawing section under Captain Sexton, with the assistance of Mr. Ghulam Hasan 
and 7 draftsmen, completed and submitted 3 sheets for publication, the remainder being well 
in hand. 

(4) Captain Wainright with the assistance of 5 computers has completed the com- 
putations of the triangulation and traversing of the forests in the Bassein Forest Division, 
which are to be surveyed in 1921-22. 

The cost-rate for computations is Rs. 17 per square mile. 

Miscellaneous.—A small item of survey, viz., the re-alignment of a boundary to decide 
a dispute between two states was asked for by the Political Officer, Southern Shan States, 
and this was done by Capt. Sexton; as also the testing and correction of the transferred 
alignment of the Southern Shan States Railway on the old one-inch maps of the Survey of 
India. | 
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TABLE I. 
OUT-TURNS OF PLANE-TABLING 1920-21. 


Out-turn, square 
miles. 


“Average number of 
fixings 


[Vol. XVI. 


per square 
mile. 


Scale. Class of survey. Circle. Party. Locality. aoe ape 
Total. |POros, a Eeideise noid gospels 
working : 
days. 
4-inch | Revision 
Survey N | No, 1] Simla Gill States. 
Kangra district and 
Chamba State 159 | 239-0 0-1 
4-inch | Original N No. 1] Simla Hill States, 
Survey Kangra district and] . 
Chamba State 465 | 1385-7 0°8 
N |No. 2| Rajputana and 
United Provinces 1,059 | 62°5 4°3 
E No, 10 | Upper Burma 3,843 | 58°6 0:4 
E No. 12 | Assam 2,683 | 36°8 3°1 
4-inch | Revision No. 1] Simla Hill States, 
Survey Kangra district and 
Chamba State 2,365 |88°8 (a)} 1:2 
l-inch | Original N No. 17; Simla Hill States, 
Survey Kangra district and 
. Chamba State 309 | 56°4 3°5 
N No. 3| Nepal 60} 30°0 8:8 
S No. 5| Berar, Bombay, 
Central India and 
Central Provinces | 2,768 | 25°3 8-0 2°0 
S No. 7| Madras 3,383 | 36:0 9°5 0°4 
S No. 8] Madras and Travan- 
core State 303 | 18°7 5°8 1:2 
E No. 9| Bengal 1,187(6)| 28°9 4°01} 10:0 
E | No. 9] Bengal 928(c)| 15°0| 10°0| 25°0 
E No.11 | Lower Burma 1,494 | 20-0 1:0 4,°8 
l-inch | Re-survey N No. 2| United Provinces 286 |83°3(b)}11°5(5)| 5°0 (b) 
N No. 2| United Provinces 
and Rajputana 1,407 |17°7 (c)/16°6 (c)| 8°1 (c) 
l-inch | Revision N |No. 1] Simla Hill States, 
Survey Kangra district and 
Chamba State 5,052 | 30°1 3°4 
N No. 2} United Provinces 1,208 | 389°2 6:9 4°9 
N No. 3 Do. 610 | 32°4 3°4 4°9 
Supplementary} S |No. 5] Berar and Central 
Survey Provinces 1,103 | 37°4 2°7 2°9 
l-inch | Revision S | No. 7| Madras and Mysore| 727 | 210°3 0°5 - 
Survey 
l-inch |Supplementary S | No. 7| Madras 440 | 47-1 5°6 
Survey 
S No. 8| Do. 4,810 | 28°0 6°2 2°6 
E No. 9| Bibar and Orissa 708(c)| 15:2 8°0 2°0 


(a) An average number of 7 pupil surveyors was also employed on l-inch and 4-inch revision throughout 


the season and this has brought down the average out-turn. 
(5) By trained surveyors. (c) By pupils. 
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TABLE I.—Concluded. 
OUT-TURNS OF PLANE-TABLING 1920-21.—Concluded. 


\ Average number of 


Out-turn, square fAxini 
gS per square 
mUnES: mile. 
Scale. Class of survey. Circle. Party. Locality. Averuge 


per man 
Total per month Jn situ (by) Plane-table 
: of 2+ Tesectiou).| traverse. 


working 
Lys. 
1}-inch | Revision E | No. 9] Bengal 182 (b)} 28°7 1:0}; 18-0 
Survey 
2-inch | Original N No. 3| United Provinces 
Survey and Tehri-Garhwal| 1,247 10°3 |} 15°5 0:9 
S No. 7| Madras 628 | 10°0 | 26°5 4°3 
S No. 8] Do. 43 | 10°5 | 18:4 2°8 
KB No. 12] Assam 133 6°7 | 11°9] 381:°8 
E | No. 21 | Upper Burma 103 3°6 |} 10°0; 79°0 
(Burma 
Forest) 
2-inch |Supple:;nentary; S | No. 7 | Madras 65 |; 12°8 | 16°6 6°8 
Survey 
S No. 8} Do. 5) 5°5 | 20°38 
4-inch | Orivinal KK | No. 21} Upper Burma 69 1°3 . 294-0 
Survey (Burma 
: Forest ) 
A-inch | Revision N No. 2| Detin Province 134) 14:7] 12°8 9°8 
Survey 
8-ineh | Large Scale N No. 1| N. W. Frontier 
Survey (Doaba Canton- 
went) 133 1°2 | 449°0 
‘acres. | acres. | acres. | acres. 
16-inch | Original S No. 20 | Velichi military land 316 
Survey : west hill 116 
Wellington and 
military lands 5,101 | $3516] 0-2 1°6 
Bangalore Civil and 
Military Station 
and Bangalore 
Grass Farin 3,578 |! 
16-inch | Revision S No. 20 | Bangalore Civil and 
Survey Military Station 5,583 | 298-4 0-1 2°9 
64-inch | Original S No 20 | Cannanore 27°0 |) 
Survey | 
Pocnamallee 27°3 | $40°7 a 12°0 


St. Thomas's Mount} 229°2 |) 


50-feet | Original 


S No. 2U | Bangalore Civil aud 
Survey Military Station | 489°4 |] 13:3 or 22°0 


(¢) By trained surveyors. 
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PART IT.—GEODETIC AND SCIENTIFIC 
OPERATIONS. 


TRIGONOMETRICAL SURVEY. 
SUMMARY. 


1. General.——The geodetic operations of four parties (page 45) have been in abeyance 
since the outbreak of war. This break, of over seven years, in the continuity of the personal 
tradition so valuable in this kind of expert work, is one of the most serious anxieties of 
the Trigonometrical Survey. Owing to shortage of staff, it has not yet been possible to do 
much to re-establish this tradition; but it is hoped that there may soon be opportunities 
of training young officers as geodetic observers; and designs for the preparation of a more 
complete set of observers’ handbooks are also in hand. It is also being considered in what 
respects the organization of the whole work may be improved during the process of re- 
establishment. . 


2.0 Tratning.— During the year eleven Class I officers were posted to the office, for 
preliminary survey training, on first joining the department. This demand has had to be 
largely met by officers occupied with current duties, and it has not always been possible, 
owing to this circumstance, to give as satisfactory a course of instruction as could be wished. 

3. Office buildings and library.—All branches of the work are suffering more or 
less severely from the want of suitable and adequate accommodation. The sanction for 
new buildings, accorded by Government some years ago, was cancelled owing to the war, 
and financial stringency is still blocking the way to efficient work in several directions. 


The new librarian, Miss Keating, who has a good knowledge of foreign languages, 
has done much for the library, but the work is becoming hampered by lack of space. 


4. Haperiment and Research.—-The first attempt at the determination of an Indian 
longitude by means of the Parts irireless “scientific” time-signals (page 102), opens up 
very interesting possibilities. This method is incomparably cheaper and more convenient 
than the older electro-telegraphie methods. It was gratifying to find that the results were 
closely aceordant with the latest telegraphic determination. 


We are in communication with experts at Home in regard to the most: suitable equip- 
ment for the determination of wireless longitudes, with a view to the early development of 
further work on these lines; the method may lead to great economies in certain kinds 
of geographical survey, apart from its geodetic value. 

It is hoped that Dr. de Graaff Hunter’s original investigations in connection with 
al(mospheric refraction (page 102), may ultimately lead to greater accuracy in the deter- 
mination of heights. An apparatus for determining air temperatures at various heights up 
to 150 feet above the ground,—most important in this study,—has not yet been brought into 
use, owing to lack of personnel. It was ordered in 1913 but did not arrive till 1920. 


Dr. Hunter has also just devised an interesting method for the expeditious adjust- 
ment of triangulation networks (page 103). 


5. Computing Office.—The report. on page 101 is itself a summary. ‘The volume 
and variety of the work turned out by this office during the past 100 years can best be 
judged from the list of Pul/icaltons of the Survey of India given in the Appendix to this 
Volume. 


The charge at present includes several miscellaneous items, such as fype printing, 
book-binding, workshops, stores, and observatories, and these are a great tax on the time of 
the Mathematical Adviser. 


6. Observatories.—So far as weather permits, fave is determined by star transits 
weekly. The observatory is still in need of “ impersonal micrometers” but it is hoped that 
this want may be shortly repaired. Meteorological and seismological records and so/ar photo- 
graphs are taken daily. 
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7. The Magnetic Survey.—Observations were continued as usual at the magnetic 
observatories, and at repeat stations distributed over India (page 77), for the better determina- 
tion of the annual changes in the magnetic elements. 

A voluminous record of the work and results of the Magnetic Survey, during the 20 
years since its commencement, 1s under preparation and is now approaching completion. The 
constants of all instruments have recently been re-determined, in order to strengthen the data 
for the computation of the results cuntained in this report. The recomputation of results in 
the light of the new constants has involved heavy labour (page 78). 

The great magnetic storm in May 1921, which broke all previous records, and inter- 
rupted the working of Indian telegraphs, is described on page 78. 

The serious condition of the Dehra Din observatory (page 79) as a result of the heavy 
monsoon, is a matter of grave anxiety, since this is the principal base station of the whole 
magnetic survey. Necessary action is under consideration. 

8. Lerelling.—Of the total out-turn of over 2,000 miles, the great| bulk was carried 
out on behalf of various irrigation and engineering projects. 

A result of some interest was obtained by a comparison of the new levelling across the 
Hardinge bridge, at Sara Ghat near Damukdia, with the results of the special experiments 
carried out, twenty years ago, to determine the best means of carrying levels across such 
broad expanses of water as the Ganges presents at this point (page 60). 

Major Mason, in charge of this work, has also done a great deal of usetul work 
throughout the vear, on 7riangulation Pamphlets, with a view to increasing their usefulness 
to explorers, and the public in general. 

The Maintenance and Preservation of G. T. Stations was included with this charge 
during the year. 3 
9. Tidal Operations have proceeded as usual, except for the recent change of policy 
in bringing out the fide-predicting machine from England, with a view to doing the whole 
work of tide-prediction, as well as the printing of tide-tables, in India in future, instead of 
in England. 

This innovation will necessitate a slight increase of staff, both for prediction and 
printing. The predicting machine has arrived badly damaged and with a most inadequate 
supply of 200-foot rolls of paper. Delays on this account, at the outset, are giving rise to 
some anxiety, as the tide-tables for 1923 ought to be ready well beforehand, and the work of 
predicting cannot be commenced much before January 1922. 'Tide-tables are required for 
over 4() ports, between Suez to the Malay Peninsula. 

10. Himalayan Exploration has always been co-ordinated in this office. During the 
year, two officers of the Survey of India accompanied the Mount Everest Expedition. Their 
report is given on page 1U9. The opportunity has been taken to experiment with two me- 
thods of photo-survey, including the stereoscopic. It is hoped that from some of the Everest 
stereo-photos so taken, maps will be plotted in Paris by the Orel auto-plotter. 

A note by Major Mason on previous high climbs in the Himalayas will be found on 
page 107. 

11. Admitnistratire control of the Trigonometrical Survey was held by Major R. H. 
Thomas, D.S.O., R.E. up to the 16th November 1920, by Lieut.-Colonel H. L. Crosthwait, 
C.LE., R.E. to the 13th March, and by Lieut.-Colonel H. McC. Cowie, R. E. to the end of 
the survey year, 30th September. 

Colonel Sir Gerald Lenox-Conyngham, Kt., R.E., F.R.S. who recently retired after 
more than 30 years service in the Trigonometrical Survey, has just accepted the newly formed 
pre-lectorship in geodesy at Trinity College, Cambridge, where he has been elected to a 
Fellowship. We all hope this may prolong our personal touch with him, and be of assistance 
tous in keeping in touch with geodetic research, which at present engages much expert 
attention in Europe and America. 
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No. 18 PARTY—ASTRONOMICAL, No. 14 PARTY—PENDULUM, No. 15 PARTY— 
TRIANGULATION anp No. 19 PARTY—BASE LINE OPERATIONS. 


No field operations were carried out by these four parties, the personnel being employ- 
ed at the Head-quarters offices of the Trigonometrical Survey, or on special duty. 


TIDAL OPERATIONS. 
By Hanuman PRASAD. 


During the year under report, the registration of tide curves by means of automatic 


tide-gauges was continued at the following 
PERSONNEL OF No. 16 Parry. 


Clase I Offi ports: — 
‘lass cer . 
F f 
Mr. O. C. Ollenbach in charge up to 12th May 1921. Aden, Karachi, Bombay (Apollo Bandar), 
Class Il Officers. Bombay (Prinee’s Dock), Madras, Kidderpore, 
Mr. Flanuman Prasad in charze from 13th May 1921. Rangoon, Moulmein and Port Blair. 


Khan Sahib Syed Zille Hasnain up to 23rd May 1921. 


Mr. D. H. Luxa. These operations continued to be conduct- 


Pncun Suhevdivala. Weenie ed under the direction of this department, the 
20 Computers, ete. immediate control of the tidal observatories 
being entrusted as hitherto to the Port officers 

concerned. 


In addition, comparisons between the predicted and actual times and heights of high 
and low-water for the year 1920 were carried out for the following ports:— Bhaunagar, 
Chittagong and Akyab. The actual times and heights of high and low-water of these ports 
were supplied monthly by the Port officers concerned. These readings were taken on a tide- 
pole, during day-light only, throughout the year. The object with which these comparisons 
were made, was to enquire whether the predictions stil] maintained a sufficient degree of accu- 


racy, as these predictions were based on the observations of self-registering tide-gauges which 
had been discontinued many years ago. 


TIDAL OBSERVATIONS AT BASRAH. 


Readings of the height of the water against an ordinary wooden tide-pole were conti- 
nued at Basrah. These readings were taken hourly throughout the day and mght for the 
whole year. Copies of these readings were supplied to this department, weekly, by the Direc- 
tor, Inland Water Transport, Mesopotamia. The readings for the vear commencing I|st 
January 1920, were reduced by harmonic analysis, and the constants thus deduced used in the 
computation of data for the Basrah tide-tables for 1922. These data were forwarded on the 
6th January 1921, to the Director, National Physical Laboratory, Teddington, for use in the 
preparation of the tide-tables. The tide-tables for Basrah for 1922 were received on the 26th 
and 29th September 1921, and were despatched to the officials requiring them. 


LIST OF TIDAL STATIONS. 


The following is a complete list of the ports at which tidal registration has been 
carried out since the commencement of tidal operations in 1874 up to the present date. The 
stations at which automatic tide-gauges are still working are shown in italics, the others are 
minor stations, at which observations on self-registering tide-gauges were considered necessary 
for a few vears only, and which were closed many years ago. 
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Stations 


Suez 
Perim 
Aden 


Maskat 
Bashire 


Karachi ... 


Hanstal 
Navanar ... 


Okha Point 


Porbandar 
Porbandar 


Port Albert Victor 


(Kathiawar). 


Port Albert Victor 


(Kathiawar). | Automatic 


Bhaunagar : 
Bombay (Apollo Banda 


Bombay (Prince’s Dock) 


Marmagao (Goa) 
Karwar 
Beypore ... 
Cochin 
Tuticorin ... 
Minicoy ... 
Galle 
Colombo 
Trincomalee 
Pamban Pass 
Negapatam 


Madras 
Cocanada ... 


Vizagapatam 
False Point 


Dublat (Sagar Island) 


Diamond Harbour 
Kidderpore 
Chittagong 
Akyab_... 
Diamond Island 
Bassein (Burma) 


Elephant Point 


Rangoon ... 
Amherst ... 


Moulmein 
Mereui 


Port Blair 
Basrah 


Automatic or 


List of Tidal Stations. 


Date of 
Personal 


observations 
Automatic | 1897 
4g 1898 
‘5 1879 
" 1893 
1892 
1868 
3 1881 
- 1874. 
be 1874 
1874 
= : Restarted 
1904 
Personal 1893 
Automatic | 1898 
Personal 1881 
1900 
1889 
- 1878 
Pe 1888 
i 1884 
” 1878 
Mn 1878 
- 18&6 
as 1888 
es 1891 
i 1884. 
1884 
‘ 1890 
ae 1878 
‘s 1881 
1880 
3 } este 
1895 
: 1886 
. 1879 
ee 1881 
z 188] 
. 1881 
6% — «1881 
‘sy 1886 
: 1887 
3 1895 
1902 
1880 
3 } Restarted 
1884 
1880 
a 180 
1880 
Vs Restarted 
1909 
, 1889 
- 1880 
Personal 1916 


commencement 


Date of 
closing 


of observations| of observations 


ee ee eS ee 


1908 7 
1902 a 
Still 42 
Working 
1898 o 
1901 8 
1880 = (#13) ..|_ *Small 
Still Working | 40 2 Caetine 
1875 1 \ Tide-tabl 
1875 | 1S | ot 
1875 1 FV ear 
2 | 1904-08 is 
1906 ] excluded. 
1894 2 ™ 
: ars 
1902 x 1898, 1899 
& 1902 are 
excluded. 
. 1882 ] 
1903 4. 
1894 5 
Still Working | 43 
45 33 
1889 5 
1883 9) 
1884. 6 
1892 6 
1893 3 
1896 5 
1890 6 
1890 6 
1896 6 
1882 4 
1888 5 Years 188 
to 1885 ar 
1890 ly excladed. 
Still 26 36 
Working 
189] oO 
1885 6 
1885 4 
1886 5) 
1886 4) 
Still Working | 40 
1891 4) 
1892 5 
189% 4) 
1903 2 
1881 ; Year 
4) 1880-81 is 
1888 excluded. 
Still Working | 41 
1886 6 
1886 6 
t 18 
Still Working | 12 
1894 i) 
Still Working | 41 
ss 5 Obser- 
vations 
taken on 
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Number of 
years of 
observations 
x 
nm 
x 
> 
A 


tide-pole. 
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INSPECTION OF THE TipalL OBSERVATORY. 


Mr. O. C. Ollenbach inspected the tidal observatories at Kidderpore, Rangoon and 
Moulmein. 

The tidal observatory at Aden was inspected by Khan Sahib Sved Zille Hasnain. 

Mr. D. H. Luxa inspected the tidal observatories at Karachi, Bombay (Apollo Bandar), 
Bombay (Prince’s Dock), Madras and Port Blair. 

Each observatory was carefully inspected, due regard being paid to the following 
points :— 

(a) Working zero of tide-gauge checked and compared with the true zero. 

(b) Stability of tide-gauge tested by check-levelling between its bed-plate and the 
bench-mark of reference. 

(c) Zero of graduated staff and tide-gauge tested with reference to one another. 

(d) Instruments thoroughly cleaned and overhauled and left in good working order. 

"(e) Tide-gauge and working zero finally adjusted after cleaning the whole apparatus. 

(f) The observatory well and inlet hole examined and cleaned, so as to ensure free 
communication being maintained between the sea and the well. 

(¢) General examination of the observatory cabin in order to have any necessary 
repairs cartied out by the Port Engineer or other official concerned. 


REMARKS REGARDING THE Working oF EacCH Tipat Osservatory. 


Aden.—This was inspected in February 2921 and was found to have worked more or 
less satisfactorily since the previous inspection in January 1920, except for a few minor inter- 
ruptions in the registrations of the tidal curves, owing to the stopping of the driving clock. 
This clock and the spare one in the observatory were both thoroughly overhauled and cleaned 
and the old clock replaced by the spare one, the two clocks being interchangeable. 

The Port Overseer who was entrusted with the caretaking of the observatory, appears 
to have exercised his supervision with zeal and intelligence. His remarks in the observatory 
reports bear testimony to the care and attention with which he has watched the working of 
the tide-gauge. 

Kardachi.—Since the last inspection of this observatory, there has been a vast improve- 
ment as regards the number of interruptions in the registration of the tidal curves, which 
used previously to be of frequent occurrence. During the past year only three interruptions 
occurred : these happened on the 25th October and on the 23rd and 24th November 1920, 
varying in duration from 3} to 6 and 5 hours respectively. With the exception of these three 
breaks, the registration of the tide curves has been almost continuous. This improvement is 
due to the observatory clerk having kept a careful watch to see that the inlet hole between 
the cylinder of the tide-gauge and the sea was free from obstructions of any kind; in this he 
was greatly helped by having the services of a diver placed at his disposal. 

Bombay (Apollo Bandar).—There have been, since the previous inspection, no breaks in 
the registration of the tide curves at this observatory. The tide-gauge well was cleaned twice 
during the past year viz., in May and November 1920. . 

Bombay (Prince’s Dock).—Since the last inspection of this observatory there have been 
nine interruptions in the registrations of the tide curves, varying in duration from 5 to a 
little over 24 hours: these breaks in registration were generally due to the driving clock of 
the gauge having stopped or to the pencil wire having snapped. On one occasion the point 
of the registering pencil entered a hole in the diagram paper, and sht it along a line parallel 
to the zero line on the diagram. The well of this observatory was cleaned out on the 27th 
and 28th November 1920. 

Madras.—Ttere have been no breaks in the registration of the tide curves at this 
observatory. ‘This satisfactory result is due to the observatory clerk having carried out his 
duties with great care and attention. 

Nidderpore.—The tide-gauge at this observatory has worked well. There was only 
one break in the registration of the tide curve during the past year, and this occurred on the 
16th October 1920, owing to the stoppage of the driving clock, which was restarted after a 
break of nearly 10 hours. The cylinder was examined and a fair amount of silt was removed, 
the cylinder not having been cleaned for some time. Arrangements were made to have the 
cylinder cleaned out once in every three months. 

Rangoon.—This observatory was found to be in good order. Four interruptions in 
the registration of the tide curves occurred during the past year, three of these were due to 
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the stoppage of the driving clock and one to the pencil failing to register, owing to the snap- 
ping of the cord which had become worn out. 

Moulmein.—tThe tide-gauge at this observatory has worked well during the past year. 
Only one interruption occurred since it was last inspected, due to the band having shpped off 
the stud wheel of the tide-gauge on the night of the 2th January 1921. This was readjust- 
ed the next morning. 

Port Blair.—This observatory has continued to work very well, not a single break in 
the registration of the tide curves having occurred since it was last inspected. This is due to 
the great interest taken by the Engineer and Harbour Master of the port, and to the care 
and attention paid to the observatory by the clerk in charge of it and his assistant. 


CoMPUTATIONS AND REDUCTIONS OF OBSERVATIONS. 


All the computations of the year’s work have been completed and there are no arrears. 
The tidal observations at the nine working stations for the year 1920 have been reduced by 
harmonie analysis. In addition, the hourly readings for the year 1920 taken on a tide-pole 
at Basrah, and supphed weekly to this department by the Director, Inland Water Transport, 
Mesopotamia, have been similarly treated. The tidal constants deduced from these reductions, 
are shown In the accompanying tables. These give the amplitudes (R) and the epochs (£) at 
Basrah and the nine working stations. The values of (H) and (K) are also given, and these 
are connected with (R) and (f), through the various astronomical quantities involved in the 
positions of the sun and moon, in such a way, that if the tidal observations were consistent 
from year to year, (HT) and (K) would result in being the same for each year’s reductions. 
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1920 
Fe IE Le I ea Re Vt TA Cs LL cama ae) 
= | ADEN KARACHI BOMBAY (Apollo Bandar) 
— i at 
= coe ; ee 
ee A y=5°S71 Aj=l O11 Ay=10°277 
2 Fr = i po 
= Danae oe Geet Oe eee 
{ 
| ie cea, eae ie menial alae Eee ee wie 
Short. | | | | 
Period | c ° fe) ° c | ° 
S, 9-058 169°43 0°088 169°43)0-094, 177-56, 0°094) 177-56 0-073. 181-96 0-073; 181-96 
S, [0°663 246-70 0°663, 246° 974) 822° 85 0°974 822-851-542! 6-19 1-542) 6-19 
S,  [0:007 297-35 0-007 | 297-35 010 358-25 0:010 358-25]0- 020 eeeens ee 261:7] 
So 0-005 | 225-+74 0-005; 225° 009 | 291 °22/0°009 201-22 0-006 )170-71 0-006/ 170-71 
Ss 0-001) 325-01 0-001 325: 0001! 54°46 0°00)) 54°46)0-°003 143-13 0-003) 143-18 
M, |0°086' 159-66 0:°096' 53: -079,171°13:0°058| 66°-06/0-0931170°72'0-104; 65-85 
a | 
M, 1°611) 112-67 1*567/ 228-835; 693 175-84 2-621 203-49 L135 )214°77 4°023 | 332-81 
M, [0-016 ) 234-42 0-015 228765 046 341-930-044 ;338-30 0-073 | 36°88 0-070, 33°74 
M, [9:005 125°84 oe 0-016 an ee 350° 90/0-125) 67-91:0°119, 304-0 
M, 40 007; 35-31.:0-006! 23- "048 196°59 0:044 189-51/0°025} 38-97 0-023] 33-10 
M, [0°00+: 321-95'0-008] 66: ‘001 348°69 0°00] 99+ 26]0°013 253-25 0°012) 5-42 
O, 49°583; 121-95 0-669, 38: "505 “— 48 °20]0°579) 132-45 0-665; 50°5 


1-278 /209°51.1°387| 45°91 
0:293'149°490-360) 1°45 
0-391 /231°77,0-391| 42-12 


K, [1°199 198-431-302! 34: 
K, {0°142) 29-50 0-174/241- 
P, [0°406 220-73'0-406| 31- 


299 209°29:1°334) 45°70 
-193' 102-03 3 
“400 /231°75 


71-64 0-228) 807-73 


J, 0-198 242°38.0-121} 56°61}0-104)255°51:0-117| 68-88]0- 100! 256-380-113; 69-52 

Q, JO°154 89-910-154 31: -140) 98°54 0°160) 42°81/0°135)100°64.0°155) 45°5 

L, 0 040/295-99 0°038; 208° -068| 13°87!0°056 | 287-51)0°G92 ae hk 324° 89 

N, 0-410 §0°18.0°428 222 0970-617 /132°94/0°600 277°14 0°998 170-64 0°971,315°45 

V. 0-012, 98-60:'0°012/303°7: 018! 73°50 0-018/282-79]0 -006) 174-09 0-006 21°97 
00 '0 


Hy 0°076 325°: 072, 197° 8610-074) 36°51;0°070 (271 -79)0 241 


°032 274-18 0:°0382 276-08 0° 039; 335-61 0-039 337 °52 
038 | 188-67 /0-037 )306 32/0 :°079 248-31:0-077| 6°35 
2'0 8} 0- 


-021/198°52 0-020! 80:8 | 


T, [0-028 188-13 0-028 189- 
(MS), [0-012/ 57-17 0-011/173- 
(2SM),]0°026 212-95'0-025, 96- 


040, 250-79, 0:039) 132-75 


QN, [O-11]1) 17-94 0-108.185: 
(M2N),]0-007/326-55:0-007/224- 
(M,K,),]0°0-41, 28-35 0-014/340- 


122| 60-47 0-118 '231-22]0-°178, 93-00 0°173! 264-58 
024, 104-650-022} 6:49[0-028 347-38 0:026, 250-23 
054| 80-°73,0-057| $4°78]0-015) 154-60 0-048/ 109-03 


(2M,.K,)3 0:006 275°53 0-007 311: 025) 281°78 0° 025 /320-6d5}0°060;| 5:°24,0°061) 44-93 


Long 


Period 
Mm [0:041) 22-01 un oi 


° QO ° Cc 


‘060 ponnape one 329° 960-094! 347-63 0°086 | 320° 87 


Mf [0-034 250°60 0:046 354: eas aaa 0:045 327-5770 046! 240°27.0-062 3842-05 


a 


ener ey ere peers 0-0-1.0' 339° 98 0:039 | 221-94. 


| 


: oc 229) 76°45)0° lot) 83-03 0-154! 2°67 


| 


MSf ae 0:90] ,210° 


Sa 0°358; 77-22)0-388 356° 9% 


| 


Ssa pees oe ee 127° 


201-85 


80) 0-038 328-04 0038 168-27 0°107; 2°55:0-107 
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1920 

> BOMBAY (Prince’s Dock) MADRAS KIDDERPORE 

ae) 

& (a 8 Fe ee Ss ~ _ 

Bs A,=8-271 Ay=2-31T Ay=10-169 

Ss a , — 5 a cn fe ye oa 

= R | ¢ | iH ‘ R | ¢ : Ho | x R / ¢ H | k 
be ee eee: eee, (eee — i: i 
Short 
Period re) re) re) o re) ° 


0+0§2)196-69'0-082) 196-69 
1°527| 97-80;1-527| 97-80 
0-089 108+27'0-089' 108-27 


S, ]0:093/182-46'0-093/182-46]0-033; 81-+55)0- 033] 81-55 
S, [1°612; 5-09)1-612; 5-09]0-451/268-55/0-451/268-55 
S, 10-018 | 233-20, 0-018 |233-2010-002|190-31 |0-002|190-31 


S, ]0-005/191-73:0-005 191-73]0-002| 30-96/0-002) 30-96]0-007!357 -65 0-007) 357-65 
S, ]0-002] 18:44'0-002| 18-44]0-002 296-57]0-002/296-5710-006'269-03/0-006) 269-03 
M, |0-094'170-41'0-105) 65-53]0-024) 48-47/0-026)/303-8410-038] 71-42/0-043/ 327-06 
M, [4-239/213-30/4- 125/331 +34]1-135'121-01/1-104/2%9-56/3-952/296-74/3-846' 55-83 
M, |0-082) 38-48/0-079| 35-55]0-005:358-81/0-005 336 -63]0-052/330-65 0-050 329-28 
M, 0-126] 97-27/0-119/333-36[0-006!292-54.0-006!169-64]0-792/153-72'0-750! 31-90 
M, |0-005/108-44'0-004/102°57 0-003 '106-11/0-005 101-75]0-182,318-67 0-167, 315-94 
M, |0-010.201-67/0-009| 43-84]0-003,121-43 0-002 235 -61[0-083; 160-37 0-074 276-73 
O, 10-°583,131-15/0-670, 49-2910-083 = 323-2710-176' 98-64.0°202) 17-86 
K, |1-290;208-46]1-401| 44-86]0-271 139-12/0-294 335-49]0-392/215-S1.0-426) 52-16 
K, {6-309 144-85]/0-381 356-810-085 53-77 0105 265 -69{0-325)240-54 0-399) 92-41 
P, ]0-393/231-23/0-393| 41-56]0-091]/166-01, 0-091 336 -35]0-158 234-03 0-158! 44-42 


J, ]0°107:259-66 0-120) 72-80]0-021)171-79)0-024 344-64 ]0-028/ 236-540-032! 49-07 
Q, 0-138' 101-20 ,0-159 46°1140-009! 78°44)0-010} 24-14]0-021] 59-87/0-024) 5-92 
L, ]6-087| 83-05 0-073)306-88]0-045'334-59 0-037 | 248-63]0-220'140°35 0-184] 54-67 


N, ]1-012/170-48 0-985 315-29]0-238| 85-20 0-232 230-78]0-645 258-65 0-628) 45-07 
v, 10-018) 65-88/0-018-273-76/0-015) 41-51{0-015 250- 1210-135 161-180-131) 10-60 
vw. |0-225| 75-89/0-213'311-98]0-038 307-330-036 184-43 mura 173-79 
T,  J0-060/ 336 -92 0-060 338 -83]0-017/203-55 0-017) 205 -4910-067'180- 17/0067, 182-14 
(MS), [-113}279-33.0-110! 387-38]/0-004/109-29 0-004!227-84[0-692 312-630-673) 71-72 
(25M), [0-047 (224-65 0-046 106-6)10-014:336-52'0-013/217-97]0-073.117-70,0°07] 338-61 
2N, [0-178) 89-41 0-173 260-99]0-052! 41-05,0-051/213-67/0-240 192-93/0-233, 6-68 
(M,N),]0°016) 52°83/10-015'315-6810-004)165-96 0-vOl| 70-0910-276/113-42/0-261, 18°93 
(M,K,);]0°068/158-54/0-072/ 112-970-016] 83-79,0-017/348-71]0-094) 94-74'0-100) 50-1 


(2M-K,),]0°069| 21°58]0-071} 6) - 2810-002 287 -35/0-002/328: 0810-041 257-080-042 298-91 


Long 
Period 3 


Mm [0-087 339°70,0-079 


| 


27°40:0°076. 


312°93]0-076 355 :°69 0-069 


| 


329-2310 024/229-01'0°082 


328°65[0°275, 66:00,0-254| 38°67 


M£ [0:056 2 330° 24(0°173 alee 7*00 


MS£ [0:010 310:74'0-010' 192°69]0-022} 85-91/0°021'277 -37]0-825 | 162-70 


Sa — oe ee ee 0°307 291°2710:3807/210-90}1 - 796) 226°6 


Ssa [0°151] 2-08/0°151/201-35]0°191/281:>79)0°191) 121-0410 -721)123- o 322°35 
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Data FORWARDED TO ENGLAND. 


The following data were prepared and supplied to the Director, National Physical 
Laboratory, Teddington, during the year under report :— 


(a) Values of the tidal constants for the tide-tables for Basrah for the year 1922. 


(4) Actual heights and times of high and low-water during 1919 at 12. stations. 
These include 9 stations at which regular observations by self-registering tide-gauges were 
earried out, and three stations at which the times and heights of high and low-water readings 
were taken during day-light on watches and tide-poles respectively. 


(-) Comparisons of the observed against predicted values for 1919, the errors being 
tabulated so as to be of use in improving future predictions, if possible. In addition, the 
values of the tidal constants for the 40 Indian ports for the tide-tables for 1924, were also de- 
rived in readiness for use with the tide-predicting machine, which was then being sent out to 


India. 
Errors IN Prepictions. 


The predicted times and heights for high and low-waters for the year 1920, have been 
compared against the actual values as observed at the nine stations now working, and at the 
three other stations where the use of self-registering tide-gauges had been discontinued, but at 
which the times and heights of high and low-waters during day-light were noted by means of 
a watch and a tide-pole. The errors of the predictions as compared with the actual times and 
heights of high and low-water thus determined, are tabulated in the 6 tables appended hereto. 


No. 1, 
Percentages and amounts of the errors in the predicted times of high-water 


at the various tidal stations for the year 1920. 


Number of 


Automatic | comparisons Rrrarsot Errors over | Errors over | Errors over 
STATIONA. ° or between Senvinutes 5 minutes 15 minutes | 20 minutes | Errors over 
tide-pole actual and seni vider and under and under and under 30 minutes. 

observations.| predicted * | 15 minutes. | 20 minutes. | 30 minutes. 


values, 


Per cent Per cent Per cent Per cent 


Per cent 


Aden 40 14 16 9 
Karachi 43 11 8 4 
Bhaunagar 33 0 8) 0 
ee Bandar) 48 7 3 2 
Bombay 
(Prince's Dock) 43 6 6G 2 
Madras 42 6 3 0 
Kidderpore 42 13 12 3 
Chittagong 14 19 8 
Akyab 0 0 ) 
Rangoon 11 8 1 
Moulmein ll 10 2 
Port Blair 6 3 1 
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No. 2, 
Percentages and amounts of the errors in the predicted times of low-water 


at the various tidal stations for the year 1920. 


| Number of 
Automatic | comparisons E f Errors over | Errors over ' Errors over 
STATIONS between 5 eniite 5 minutes | 15 mmutes | 20 minutes | Errors over 
- ert tide-pole actual and ance and under | and under | anc under | 30 minutes, 
observations.’ predicted | ®8¢ Under. | 15 minutes. | 29 minutes. | 30 minutes. 
| values. 
| Per cent Per cent Per cent | Per cent Per cent 
Aden eis Auto. 694 28 40 13 12 7 
Karachi bed ‘ 707 | 34 38 10 1h 7 
Bhaunagar sen OPPs - BU5 67 33 0 0 C 
(Apollo Bandar) Auto. 708 32 49 11 G 2 
Bombay | ' 
(Prince’s Dock) b 707 | 35 46 8 8 3 
Madrus ms ts TOF 49 44 5 2 Ly) 
Kidderpore sek si 707 ! 3+ 41 10 10 5 
Chittayong ‘ag ¥e Pk. 366 | 8 47 16 20 9 
Akyab oe . 366 | 100 e) 0 0 0 
Rangoon ae Auto, 707 | 26 44 12 14 4 
\ 
Moulmein ss - 707 18 35 12 21 14 
Port Biair ee a rityi 46 44 5 4 1 
| 


No. 3. 


Percentayes and amounts of the errors in the predicted heights of high-water 


at the various tidal stations for the year 1920, 


Port Blair 


; Number of ‘ Ee 
Automatic | comparisons . : rrors over , Errors over ; 
s or between eee i esay ry tess of 4inches | Sinches | Errors over 
EBD ES Nae tide-pole | actual and |" “Pues aie and under {| und under : 12 inches. 
observations.| predicted areas Gerstnent Sinches. | 12 inches. | 
values. | | 
: 2a : — Ree eee ee ee eee eee eae 
| | | 
Percent | Percent ' Percent per cent 
i 4 
Aden | Auto, 605 67 > 98 |: 8 0 | 9 
: | 
| 
Karachi ae ns TUS 9 3 56 32 11 | l 
Bhaunagar ay ee os 368 3l-4 65 33 2 ¢) 
(sales Bandar), Auto, 107 39 63 29 7 1 
Bombay | 
( (Prince's Dock) ‘a TUT 13:9 ! 54 32 ll 3 
Madrar a ‘ 706 35h 88 i WB ) U 
e | | 
! 
Kidderpore — | 706 11-7 31 , 22 17 | 30 
° | 
Chittagong eae we, | 366 13.8 B5 ee) | 14) 1S 
Akyab an ‘ | 366 8:3 | 71 23 4 | 2 
{ \ 
iangoon aes Auto 707 16°4 | 47 | 29 17 rf 
Moulmein | 
! 
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No. 4. 


Percentages and amounts of the errors in the predicted heights of low-water 
at the various tidal stations for the year 1920. 


relcnalaer Sat 
Automatic | Comparisons | 4, Errors over | Errors over 
between ean range Errors of 4 inch 8 inch Errors over 
Stations. Site-pole actualand | Ft ae fryer saa aia ana ander 12 inches, 
observations.| predicted | ——— and under. | Sinches. | 12 inches, 
values. | | 
a | 
| _ Percent | Percent | Percent | Per cent 
Aden Auto 694 67 97 3 0 0 
| 
Karachi ve . 707 9:3 | 79 18 2 1 
| 
Bhaunagar Pe ce | 365 31:4 | 61 36 3 0 
(Apollo Bandar)| Auto. | 708 13-9 | 170 25 3 2 
Bombay | 
(Prince’s Dock) * 707 , 13:9 63 27 8 2 
Madras on ‘i | 707 3°5 : 89 | 1] @) 0 
} 
Kidderpore isi m 707 1i:7 | 36 | 22 12 30 
Chittagong T.P. 366 | 18:3 | 21 | 25 24 30 
Akyab ses | ‘3 366 8-3 76 20 3 l 
| | 
Rangoon oo) Auto. | 707 16-4 | 85 27 | 18 20 
| 
| | | 
Moulmein <2 PS 707 | 12-7 41 | 25 14 20 
| 
Port Blair os . 707 | 66 98° | 2 0 0 


No. 5. 
Table of average errors in the predicted times and heights of high and 
low-water at the several tidal stations for the year 1920. 


Average Errors 
Mean range |-———_—— OE ie re oa 


Automatic or 


General Mean 


Servis: =. | aa | “ithe” | aeins | cofteight | ot heignt 
| | in minutes. the range. | in inches. 

a aaa aa en een see ; ha 
Open Coast. | | H.W. | LW. | H.W. | LW. | BW | L. W 
Adit kes ee | 16 | 13 | 0-026 0-025 2 2 
Karachi... ... am r 93 | 1] | 12 | 0-045 | 0-027 5 | 3 
Bhaunagar — see 16 T.P. | 31:4 | 4 | 5 | 0-011 | 0-011 4 4 
(Apollo Bandar) Auto | 13°9 | 9 | 10 | 0:024 | 0:°024 4 | 4 

Hombay | | | 
(Prince's Dock) 2 13-9 9 | 10 | 0-030 0-024 5 | 4 
Madras ... eae as e | 3°5 | 7 7 | 0-048 , 0-048 2 | 2 

| 

PT ee oe .P. | 8:3 | 2 2 0-040 0-030 4 | 3 
Port Blair Sais sae Auto. 6°6 7 | 8 | 0-025 0-026 | 2 | 2 
General Mean © + | a 8 | 3 | 0-031 | 0:027 | 4 | 3 

Riverain. | | | | 

| 

Kidderpore ‘ak #2) Auto. ) de7 | 11 ll | 0-071 0-071 | 10 10 
Chittagong | ..F, 13°38 | 15 | 16 0-044 | 0-063 | 7 | 10 
Rangoon ... cis ai Auto. | 16-4 10 | 12 0-030 | 0:041 | 6 8 
Moulmein : 12-7 | 1 | a7 | 0-052! 0-052 si 8 
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No. 6. 
Summary for 1920. 


PERCENTAGE OF PREDICTIONS, AT HIGH AND LOW-WATER WITHIN 


' : P ti tested. _—. > -. os: ML ee 
Number of stations. | Predic be 7 15 minutes of actuals. | 8 inches of actuals. one-tenth of mean range 
; ! rn ee 
| High, | Low. , High. Low. High. Low. 
———- , 
6 Open coast 8. R Tide-guuge 82 81 94 97 97 98 
2 " Tide-pole 100 100 96 97 98 99 
3 Riverain S. R. Tide-gauge 76 66 64 62 89 86 
, Tide-pole 59 55 66 46 94 84 


CoMPARISONS OF THE PREDICTIONS FOR THE YEAR 1920 WITH THOSE FOR THE 


PREVIOUS YEAR. 


On comparing the tidal predictions for the nine working stations for the year. 1920 
with those for the vear 1919, it was seen that the prediction of times for Aden had’ deterio- 
rated, but had improved greatly for Madras and Kidderpore. The prediction of times at 
other stations, and of heights of all stations, except Kidderpore, were practically of the 
same standard of accuracy as those for the year 1919. 


The greatest difference between the actual and predicted heights of low-water for 
1920 at the riverain ports was as follows :— 


Kidderpore ... 3 feet 1 inch on the 28th October 1920, 
Rangoon ... 2 feet 5 inches on the 14th November 1920, 


Moulmein _... 2 feet 7 inches on the 19th and 20th August 1920, the actual low- 
water being lower, in all three cases, than the predicted. 


TIDE—TABLES. 


The tide-tables for the Indian ports for the year 1921 were received from England 
on the 3rd and 17th December 1920, those for Basrah on the 21st December 1920. They 
were immediately distributed to the various Port authorities and other officials. The tide- 
tables for Basrah for 1922 were received on the 26th and 29th September 1921, and have 
been despatched to the authorities requiring them. 


The tide-tables for the Indian ports for the year 1922 were received in November 
1921 and duly distributed to the various Port officials. 


The amount realised by the sale of tide-tables during the year ending 30th September 
1921, was Rs. 2,855/12/0, exclusive of outstandings still unadjusted on the sale of tide-tables 
for the year 1921. 


Tur Tipr-PREeDIcTING MACHINE. 


This machine has now been brought to India for the first time, particulars regarding 
it are given in the General Report for 1920-21. 


PROGRAMME FOR SEASON 1921-22. 


During the coming field season, tide observation will be continued at the nine obser- 
vatories working last year. 
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LEVELLING. 
By Brevet-Masor K. Mason, M.C., R. E. 


I. The party was increased from two double detachments to four double and 1 special 
detachments for the season. 


Office closed at Mussoorie on 6th October 1920, 


PERSONNEL OF No. 17 PaRTy. 


Meee OPS and opened at Dehra Din on the 11th. All 
Bt.-Major K. Mason, M.C., R. E., in charge. detachments took the field between 19th and 23rd 
Class IT Officers. October, with the exception of the Lahore City 


Mr. O.N. Pushong. detachment which was not formed till early in 


, RB. Matbor, B.A. | 1921. All returned to recess in Mussoorie by the 

, K.S. Gopalachari, B. A. end of May 192], with the exception of No. 1 

» N,N. Chackerbntty, L.C. E. Detachment which was delayed by the early hot 
Upper Subordinate Service. weather in Rajputana. 

Mr. K.K. Das. B.A. IT, Field Detachments were as follows :— 

» 8.0, Mukerjee. No. 1 Detachment. Mr. Chuckerbutty in 

‘ 7 — a inetais charge; second leveller, Mr. Matlub Ahmad. 

The former had charge of ] A, the latter of 1B; 

PON BAVC HAIR OLE “REORICE: the work being largely carried out on the “ fore 

10 Computers. and back ”’ system. 

eee No. 2 Detachment. Myr. Pushong in charge; 


3 Clerks. ‘ 
second leveller, computer Abdul Majid. 


No. 3 Detachment. Mr. Mukerjee in charge ; second leveller, Mr. P. B. Roy. 

No. 4 Detachment. Mr. Mathur in charge 4A; Mr. Gopalachari in charge 4 B. 

Lahore City Detachment. Mr. K.K. Das in charge ; three assistant levellers, who were 
specially enlisted and trained. 

III, Programme. The programme was allotted to these detachments as follows ; ee 
where otherwise stated the lines are new. 


No. 1 DerracuMENt. 


A. In Bengal and Bihar, for the Nadia rivers scheme. From Tinpahar to Jidganj. 
(Part of line 77 M). 

B. Inthe United Provinces and Rajputana. From Muttra to Marwar Pali. This 
forms line No. 107 of the new level net of high precision in India. 


No. 2 DrracHMENT. 


C. In the United Provinces. Revision of the line from Bareilly to Pilibhit along the 
trunk road, originally levelled in 1867-68. (Line 64 A). 

D. In the United Provinces, for the Sarda Canal Project. 

(i) From Pilibhit to Mailani, by the railway line. (Line 64 D). 

(ii) From Shahjahanpur by road to Mailani, thence by the railway to Kheri-Lakhim- 
pur, and by road thence to Sitapur. (Line 64 E). 

(iii) From Sitapur rva Baghauli railway station to Lucknow, with a_ branch to 
Madhoganj. (Line 64 F). 

(iv) From Lucknow rva Rae Bareli and Sultanpur to Fyzabad by road. (Line 68 A). 

(v) From Sultanpur to ANahabad by road. (Line 67 A). 


No. 3 DETACHMENT. 


E. In Bengal, for the Nadia rivers scheme. 

(i) From Chakdaha to Berhampore. (Part of line 77 L). 

(11) From Berhampore to Jayrampur. (Part of line 77 L). 

(iii) From Berhampore to Jiaganj, with a branch line to Lalgola. (Part of line 77 M). 

F. In Bihar and Bengal, for the Nadia rivers scheme. From Poradaha, vza Nator to 
Rautara ; this line wes undertaken to revise, by direct levelling over the Hardinge bridge, 
the crossing of the Ganges at Sara. (Line 77 N). 

G. In Bihar, for the Irrigation department. 

From Darbhanga to Bagaha by the B. & N.W. Ry. (Line 71 A). 
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No. 4+ DrtacHMEnt. 
H, In the United Provinces, for the Sarda Canal Project. 
From Shahjahanpur to Baghauli by road. (Line 64 G). 
I. In Bombay and Baluchistan for the Sukkur Barrage Project. 
From Jacobabad to Hyderabad, ria Sehwan and Kotri. This forms part of line 101 
of the new level net of high precision for India and takes the place of old line 53, levelled in 
1858-60, on which all the bench-marks were reported destroyed. 


LAHORE Ciry DETACHMENT. 


J. In the city and neighbourhood of Lahore, undertaken at the request of the local 
authorities for the City Sanitation scheme. | 
IV. Instruments, ete. In the case of the four regular detachments, binocular levels 
were used ; staves were of the Survey Committee pattern. Weekly comparisons were made 
in the field against 10-foot standard tapes in order to determine as nearly as possible the 
variation in the length of the staves due to changes of humidity. 
The Lahore city levellers used the small pattern Zeiss field level and collapsible staves. 
V. Out-turn. Table I shows a detailed statement of the out-turn of the various detach- 
ments. It may be summarized as consisting of :— 
| (A) 85 miles of secondary levelling; the heights of 67 secondary bench-marks were 
determined. 
(B) 349 miles of high precision levelling; the heights of 5 primary and 293 secondary 
bench-marks were determined. 
(C&D) 549 miles of secondary levelling; the heights of 25 primary and 556 secondary 
bench-marks were determined. 
(E, F& G) 621 miles of secondary levelling; the heights of 19 primary and 411 
secondary bench-marks were determined. 
(H) 59 miles of secondary levelling; the heights of one primary and 55 secondary 
bench-marks were connected. 
(I) 336 miles of high precision levelling ; the heights of 5 primary and 254 secondary 
bench-marks were connected. 
The total out-turn 1s therefore 685 miles of high precision levelling and 1314 miles of 
secondary work, in addition to the Lahore city levelling, which may be classed as tertiary. 
The heights of 55 primary, 1,636 secondary, and 259 tertiary (in Lahore) bench-marks 
were determined. | 
VI. River crossings. No special methods were employed for river crossings during the 
season, the Indus near Hyderabad, the Jalangi near Krishnagar, and the Ganges (Padma) | 
at Sara being crossed by main bridges. A note as to the agreement of the new values of the 
last named with the values derived by old methods is included below in the discussion on results. 
No. 3 Detachment crossed the Churni at Ranaghat, the Jalangi near Patkabari, and 
several other broad //da/s and 4i/s by direct levelling. 
VII. Probable accidental and systematic errors. 
(i). The probable and mean accidental and systematic errors in feet per mile for the 
‘fore and back’ lines were computed according to the formule 
2_ 1p 2a’ _2r ys | 
©" 9LSL SLY" TI 
1 s* 
andor? = gs’ = 
(ride page 37, “ Levelling of Precision’, 192) and are as tabulated below. 
The maximum errors permissible in each class to admit of the work being classified as 
‘‘ Levelling of High Precision ” are also shown. 


| 
Li Probable Maximum Mean Maximum Prohable Maximum Mean Maximum 
anne accidental | permissible | accidental | permissible | systematic | permissible | systematic | permissible 
foot. foot. foot. foot. foot. foot. foot. foot. 


(8) Mattra 
to 
Marwar Pali |40°00373 |4£0°00416 |40-00560 |40°00624 '4+0°00005 |40°00106 |40°00008 |40:°00159 


(7) Jacobabad 
to 
Hyderabad £0°00279 |'+0° 00416 |40°00419 (40:00624 |40°00005 (40 00106 |40°00008 |40:°00159 
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It will be seen from the above that both lines fulfil the necessary conditions. | 
(ii). The probable error of the mean result per mile of simultaneous double levelling for 
the whole of India up to 1908 according to the formula 


P. E. = +0: 6745/20 is + 0:0042 foot 


(vide pages 875 and 377 of G.T.S. Volume XIX). 
The following are the probable errors of the secondary lines éevelled during last field 
season :— 


(A) + 00043 foot. (E) (i) + 0-0033 foot. 
(C) + 0-0027 ,, —(E) (ii) + 0-0033 _,, 
(D) (i) + 0-0045_,, (E) (iii) + 0-0043_,, 
(D) (ii) + 0-0036_,, (F) + 00028 _,, 
(D) (iii) + 0-003L ,, (G) + 00087, 
(D) (iv) + 00025 _,, (H) + 0:0034 ,, 


(D) (v) + 0:°0028 ,, 

VIII. Nature of the country, weather conditions, ete. 

The work throughout the season lay in flat or gently undulating country. The winter 
months were unusually mild and progress was rapid. On the other hand the early summer of 
1921 was extremely hot and sultry ; in March, April and May, high winds, intense radiation, 
mirage and dust-storms reducing the hours of work and rate of out-turn considerably. 

Owing to the areas in which Nos. 1 and 4 Detachments worked being largely desert, 
transport and supply questions presented some difficulties, while No. 3 Detachment was some- 
what impeded by a number of river and canal crossings. 

The detachments met with increased difficulties owing to the non-cooperation move- 
ment, and it is due to this that the cost 1s greater than it would otherwise have been. This 
was particularly the casein the U. P. where help though often promised was frequently not 
given. The officers in charge of the detachments are to be congratulated on having overcome 
these difficulties with a minimum of friction. 

IX. Bench-marks. With the exception of the line Muttra-Marwar-Pali (B), practi- 
cally no bench-marks could be cut on rock 7 st¢ii as the lines lay through alluvial country. 
Reliance for permanency therefore depends almost entirely on embedded marks. In the 
section from Kambar to Sehwan (1) great difficulty was experienced in finding suitable 
objects on which to inscribe marks, and zine plates were fixed on the roots of prominent trees. 
The experiments carried out in Dehra Dan show that this method forms a good substitute for 
secondary marks. 

A large number of G. T. tower stations were also connected. Table 4 shows these 
stations with their heights as derived from triangulation and spirit-levelling. 

It is most regrettable that the engineers of the P. W. D., for whom the bench-marks 
are primarily intended, in many cases fail to realize the necessity of constructing the marks 
well in advance of the levelling operations, in order to allow time for settlement. A portion 
of the original programme allotted to No. 3 Detachment in the Ganges delta had to be 
cancelled owing to the marks not having been constructed by the time the detachment was 
realy to commence work. This work had been asked for by the local government and they 
had been given nearly a year’s notice that 1t would be undertaken. A similar case happened 
with No. 4 Detachment, but here it was not of such importance as the bench-marks were 
mostly connected at the end of the season. 


It may be noted also that envineers are the first to ask for new lines of levels and are 
frequently unwilling to undertake the least responsibility to see them preserved. 

(X. Health. The health of the several detachments was good, with the exception of 
Nos. land 3. The former had a little sickness while No. 3 suffered considerably from 
malaria. One death occurred in the field and two men were invalided back to headquarters. 

XI. Discussion of Results. Table 2 shows the check-levelling carnied out during the 
season and Table 3 the results of revision levelling. 


Muttra to Marwar Pali (B). The difference of the published dynamic heights of 
Muttra and Marwar Pah is 0°017 fect less than the difference obtained from last season’s 
levelling. This is exceedingly small and has been dispersed between the two places in the 
new line. 

Sarda Canal Project area, (C,D& H) In the line from Pilibhit to Mailani the terminal 
differences between levellers were large, probably owing to the following causes :— 
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(i). The levelling followed the railway track through high grass and freshly cut forest. 
Consequent radiation made staff-readings, even at very short distances, extremely difficult 
to estimate. 

(11). Level No. 2625 was fitted with a rather unsatisfactory bubble and in the hands 
of an inexperienced leveller gave a steadily increasing difference. On the completion of this 
line the senior leveller used this instrument and the differences thereafter were never large. 

The remainder of the work calls for no remarks. 

Nadta Rivers Scheme and Irrigation work.— 

(A, E, F, G) The adjustments on lines A and E were small, that between Chakdaha 
and Jayrampur being less than one inch in 158-5 miles. 

Line G was not so satisfactory, there being some 9 inches to disperse in 165 miles. 
With regard to this, the differences between the two levellers being consistent, the only 
conclusion that can be drawn 1s that the bench-marks have settled irregularly. In the opinion 
of the Jevellers this settlement took place shortly after the original levelling owing to their 
not having been constructed sufficiently long beforehand. 


The crossing of the Ganges at Sara (F) is interesting as it affords a check, by direct 
levelling over the Hardinge bridge on the old methods. 

The river is wide, and three methods were originally employed—(1) Vertical angles (2) 
Modified target and (3) Tide pole (For description of these operations see Professional Paper 
No. 7, 19038, page 11). 

It was unfortunate that direct comparison could not be made between the pillars since 
one of these has been destroyed ; nevertheless it was possible to compare the differences be- 
tween the embedded bench-marks B.M. 2/78 H and B.M. 7/78 H on either side of the river, 
as obtained by the various methods. The results are as follows :— 

(a) (Old.) Vertical angles 5:°457 feet. 
(6) (Old.) Modified target 5°450__,, 
ic) (Old.) Tide pole 5°530 ,, 
(/) (New.) Direct levelling 5-565 _,, 

Most of the old bench-marks from Sara to Nator have either been destroyed or 
disturbed by the dismantling of the metre-gauge line. New heights have therefore been 
given throughout. It was originally intended to close on B.M. 159/72 O, embedded at 
Manihari, but check-levelling proved it to have suffered some change and the line was 
carried on to Rautara (B.M.164/72 O), where check-levelling gave good results. 

The adjustments were as follows :— 

(a) 0-076 foot in 17-2 miles between BM8/79E and BM2/78H 


(b) 0-626 ,, ,, 179-8 ,, : BM2/78H ,, BM157/720 

(ec) 0:024 , 4, 1:2 ,, BM156/720 and BM154/720 
(d) 0:026 , , 9:3 ,, is BM153/720 ,, BM162/720 
(e) 0-003 ,, , 3°3 ,, s BM162/720 ,, BM164/720. 

-From these adjustments the old bench-mark at Nator BM 7/78D has received a new 
height, and the difference of 0:054 foot between the old and new heights has been distributed 
between it and Parvatipur BM 12/78 C. 

Sudkur barrage project area. Jacobabad to Hyderabad (1). 

The difference between the published heights of Jacobabad and Hyderabad is 9€-306 
feet, while that obtained by last season’s levelling is 96-075 feet. The discrepancy between 
these two values has been distributed proportionately throughout the distance. 

XII. Miscellaneous. 

(a) The new level net. The programme laid down last year for the new level net 
has been carried out, and arrangements are in hand for the erection of bench-marks on the 
lines proposed for the next two years. 


(6) Levelling for earthquakes. In consequence of the interesting results of the re- 
levelment of the line from Silchar to Comilla, described in last year’s Records Volume, 
arrangements have been made whereby the programme will be submitted annually to the 
Director of the Geological Survey, who has undertaken to make suggestion for the estab- 
lishing of stable bench-marks on either side of Geological faults. This will enable lines to be 
revised after earthquakes have taken place and may lead to interesting results. 

The lines that are concerned in the forthcoming programme are :— 

(1) In Cutch. In the neighbourhood of Bhuj, three branch lines will be levelled at 
right angles to the main line which is closely parallel to the main fault. 
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(ii) Gooty to Ongole. This line crosses a fault at right angles. At least four check- 
level bench-marks will be connected each at Giddalair, Cumbum, and Podili. 

(i111) Surat to Dhulia. Four check-level bench-marks will be connected at Bardoli, 
fort Songarh, Navapur and Visarvadi. 

(¢) At the conclusion of last field season, an investigation was made by Lieut.-Colonel 
H. McC. Cowie, R. E., Offg. Superintendent of the Trigonometrical Survey, into the question 
of comparison of tapes at the commencement and end of a season. The results are being 
drawn up and will be published as an appendix to the handbook on levelling of precision. 

(¢@) The following publications on levelling have been issued since last year’s report.— 

Handbook on “Levelling of Precision’’, revised by H. G. Shaw, Dehra Din, 1920. 

Addenda slip to pamphlet 38. 

Addenda slip to addenda pamphlet 39. 

Addenda pamphlet 44. 

Addenda slip to pamphlet 53. 

New edition of pamphlet 54. 

Addenda slip to addenda pamphlet 65. 

Correction slips to addenda pamphlets 72, 73, 78, 79, 83. 

The following pamphlets are affected by the levelling operations of last season :— 

34 (10 Bms.), 35 (135 Bms.), 39 ( 11 Bms.), 40 ( 77 Bms.), 

45 (183 Bms.), 53 ( 60 Bms.), 54 (155 Bms.), 62 ( 91 Bms.), 

63 (401 Bms.), 72 (224 Bms.), 78 (159 Bms.), 79 (106 Bms.), 

These data will be published in the following manner during 1921-22 :— 

34, Addendum pages to pamphlet. 

35, Addendum pages to pamphlet. 

39, Addendum pages to Addendum pamphlet. 

4.0 

45 

53 

54 

62, lst Edition of pamphlet. 

63, 2nd Edition, Addendum pamphlet. 

72, Addendum pages to Addendum pamphlet. 


79} Qnd Edition of pamphlet. 


Addendum pages to pamphlet. 
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Number. 


359 
2) 


358 
(284) 


857 


356 
(56) 


57 


58 


Bench-marks of the original levelling that were a 
connected for check-levelling. ef ben 
2 ° 
arunnicecte 
ag oe 
Ee “7 levelling. 
oa Description. 

Ag 

Miles. Feet. 
B. At Muttra. 

54 E] Standard Bench-mark at Muttra| 0:0 0°090 
» | Verandah of Kachahri, Muttra| 0°0 | + 2°035 
» | Parapet of culvert 0'9 | + 5:°680 
» | Platform of Muttra junc: R.S.| 2°0 + 21-583 

B. At Marwar Pali. 

45 O| Embedded, Marwar Pali R. 8.| 0°0 0-000 
» | Blocks of masonry near M.S.182| 0°3 | + 1°459 
” ” ” ” 9 184/ 2°1 +18°501 

C. At Bareilly. 

53 P| At Cantt. church, Bareilly | 0-0 0-000 

», | Well near junc: of roads from | 0°5 | + 1:957 
church and station Hospital 

» | Culvert 1 furlong NE. of Fort} 0°8 + 2°735 

» | AtG. P.O. 1:2 + 2°445 

» | Well opie Dinshaw 1°3 + 3:°657 

Sorabjee’s shop 
» | Standard Bench-mark 1°5 | (+ 4:°876 
» | At Commissioner’s office 2:0 + 6:°523 
D(n). At Shdhjahanpur. 

o4 M| Standard Bench-mark 0:0 0-000 

— 2°363 

» | St. Mary’s church 0-0 — 2°355 

— 1°813 

», | General Mile-pillar 0°3 — 1:°823 

» | Post and telegraph office 0°4 | — 2:°162 

» | Bridge No. 2 0°7 — 4°751 

» | Bridge No. 36 (old) 0-7 | — 3:°609 
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TABLE II.—CueEck-LeEvE.LLINGa. 


Discrepancies between the old and new heights of bench-marks. 
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Observed height above 
starting 


-mark as 


(+) or below (—) 
determined by 


in 
1920-21 


Check-levelling | than 
1920-21. woes 


Date. 


1905-06 
1912-13 
1905-06 


1919-20, ; 
1867.69 


1919.20 


1905-06 


1905-06 


1867-69 ; 
1919-20 


1905-06} } 
1919-20 


191:)-20 


Feet. 


0° 


jevelled. 


Feet. 


0-000 
+0-000 
+0°014 
+0°003 


0-006 
—0:014 
+0°008 


0°000 
0°000 


—0-°005 


—0-007 
—0-020 | 


—0°005 


+0°011 


0-000 


+0:005 
—0°003 


—0-020 
—0°010 


—0°006 
+0:001 
—0°005 
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Discrepancies between the old and new heights of bench-marks. 


57 
45 


46 


i) | 
Lo 


a le | 
2 
ag 
; Description. ' ils 
Ra Saas 
Miles Feet. Feet. 
D (ii) and (iil). At Sitapur. 

63 A} Collector’s Kachahri 0-0 0°000 | 1867-69 0:000 | 0:°000 
.. | Standard Bench-mark 0-1 + 0°922 |1905-06) + 0°917 |—0:°005 
» | Stone Prism 0°3 — 0°382 a — 0°394 |—0°012 
» | Mirza Abbas Beg’s well 0°3 | + 2°174 | 1867-69) + 2°165 |—0:°009 

ss eS, Reet: Cee 
D (iii) and (iv). At Lucknow. 

6% B) District Judge’s court 0-0 |  0°900 1867-69 0-000 | 0° 000 
, | Christ church 1°5 — 1-:388 es | — 1°377 |}+0°'011 
» | Overhead bridge near Ry. 2°6 | + 35°538 e066 +35°555 |+0°017 

oficers’ quarters | 
‘3 Embedded (block-stone) | 2°8 + 18°82] 867-69 +18°835 iia 
- | Standard Bench-mark | 2°8 +28:°691 1909-10 + 28-700 ieigieiae 
D (iv). At Fyzabad. 

63 J) Standard Bench-mark 0-0 0-000 | 1905-06 0°000 | ©:000 
» | C. B. pillar near post office 0°3 + 0:247 |1868-70) + 0°241 |—0°006 

, | Embedded (block-stone) 0-4| —1-742| ,, — 1°772 |—0-080 

| | Pillarmarked *99.°° 0-5 | — 0°550 | 1905.06 — 0-552 |—0-002 
; , a 10| —4-078| , — 4-245 |—0-167 
» | St. Andrew’s church 1‘3 — 1:°699 ; — 1°717 |\—0°018 

D(v). At Allahdbad. 

58 |63G| Embedded at fort 0-0 0:000 | 1898-99 0-000 | 0:000 
» | Sentry box O'l — 0°347 ‘5 — 0°296 |+0 081 
55 | Lala Manohar Dass’ well 0°22 | —13°282 -. —13°261 |+0°021 
,, | Bridge near railway lines 1:8 —18°657 | 1905-06} —18°612 40-045 
3 Cattle trough near Govt. house | 1°9 — 8:'971 7 — §8§°850 +0°121 
» | Stand of water pipe 2°8 | +10-002 ; + 9°529 —0°473 

| 

* Altered. + Inscribed slab quite loose. t Sunk. 


4 
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TABLE I.—Cuecx-Lsve.iine.—( Continued). 


Descrepancies between the old and new heights of bench-marks. 


é 


Observed height above (+) or below (—) The lek A 
starting bench-mark as determined by denotes 


Bench-marks of the original levelling that were 
connected for check-levelling. 


Distance from 


starting bench-mark. 
o 
& 
bt 
eo 
4 
& 


Origina) Check-levelling 
1920-31. | anne 
Description. Date. levelled. 


Number 
Degree 
Sheet 


Miles. Feet. Feet. Feet. 


51 |68G| Standard B.M. at Scotch kirk 4°6 | +19°284 11905-06| +19°240 |—U 044 


58 | ,, | Culvertnear Muir central college} 3°3 | +11°582 7 +11°627 140°045 

: as * 

54 » | Suitors’ waiting shed 3°8 +14°875 se +14°960 |+0°085 

+ 

55 | ,, | Standard B.M. at Collector's 3°9 | +16°632 - +16°667 |+0:°035 
kachahri 


E (i). At Kanchrapara, part of line 77 (Howrah to Ramganj), 


1882.83 
387 |79 B| Embedded, Kanchrapara 0:0 0°000 |1894-95 ; 0-000 0-000 
388 » | Bridge 0°5| — 4:°499 = —4°489 |+0°010 
389 - - 2°1| — 3:969 —3:971 |—0-°002 
390 ” ” 4°0); — 9°335 - —2°324 +0°Ol11 
36 |79 H/ Platform, Madanpur 4°38) + 4°052 > +4°006 |—0°'046 
37 | ,, | Bridge , 6:2} + 2-919 i +2°938 |+0°019 
39 ” 99 9°6 + 7:°324 9” +7°372 |+0:°048 
40 » | Embedded, Chakdaha 10°5| + 6:°628 és +6°614 |—0°014 

E (il). At Jayrampur, part of line 77 (Howrah to Ramganj). 

1882-83 
68 |79 A| Embedded, Jayrampur 0:0 0:000 |1s94-95 0°000 0,000 
69 | ,, | Bridge | 1°44) —12°887 <5 —12°832 |+4+0°055 
70 9 9 eee 3°3] — 6°215 9 — 6°241 —0°'026 
71 "9 9 5°0} — 6°118 is — 6°127 |—0°0u9 

(G). At Darbhanga, part of line 71 (Gorakhpur to Purnea). 

1870-71- 
49 |72 F| Chotaipati T.S.} 0:0 0-000 72 0-000 0:°000 
46 | ,, | Shiwalz wee | 4°21 4+ 6°347 9 + 6°354 |+0°007 
4t | ,, | Masjid .. | 10°2| +11°424 : +11°387 |—0°037 

(G). At Bagahda, part of line 71 (Gorakhpur to Purnea). 

1870-71- 
5 |72 A| Bakwa T.S.| 0°0 0°000 72 0:000 0-000 
1/1 ,, | Well | 7:31 4 8°410 7 + 8°363 |—0-047 
2 » | Shiwala 8:0} + 8°456 " + 8:°391 |—0:°065 


* Altered. t Stone top broken and repaired with cement, 


Vol. 


Number. 


11 


XVI.] LEVELLING. 
TABLE I]—Cueck Lrveviine.—( Concluded). 


Discrepancies between the old und new hetghts of bench-marks. 


Bench-marks of the original levelling that were re Observed height above (+) or below (—) 
connected for check-levelling. ES starting bench-mark as determined by 
g 2 
ee IN Se Me eee hed Bi oa 
As a | 
2 43 = 4 ercllng as 
fe & Description. Date 
Awa eos 
Miles.: - Feet. Feet. 
(ti). At Shahjahanpur. 
ee sate Bok . | = 
54 M Standard, Shahjahanpur 0°0 0-000 = |1905-06 | ; 0°000 
,, | St. Mary’s church 0:0} — 2°363 [1867-69 |) —2-356 
» | General Mile-pillar QO:3} — 1°8)38 a» | 17829 
», | Post and telegraph office 0:4; — 2°162 |1919-20' —2°164 
» | Bridge No. % on stn. road 0°7| — 4°75L >» » —4°748 
| » | Bridve No. 36 0°7| — 3-609 » | —3°614 
(1). At Jacobabad. 
| | 
39 D| Standard, Jacobabad | 0°0 0:000 |1909-10 0:000 
»» | Jron plugin Executive Engineer’s 
office .. | 0°0)| — 1°420 . —1°409 
» | Masjid of Lang Shah’s taka ...| 0°5: + 0°630 a +0°659 
» | Railway stn., Jacobabad .. | 10) + 2°109 - +2°106 
» | Embedded B.M., Jacobabad ...| 1:°1! — 6:026 - —6°033 
(I). At Hyderabad. 
40 C| Standard, Hyderabad 0:0 0°000 |1904-06 0-000 
» | St. Thomas’ church 0°00) + 0°625 33 + 0°625 
» | Travellers’ bungalow 0:4) — 0:°542 - —0°544 
yy | Old Kachahri 0°6| + 7°864 |1909-10) +7°861 
» | Vidyalaya 0°7| — 5°347 |1904-05-| —5-350 


06 


69 


Difference 
(Check— 
Original). 
The sign+ 
denotes 
that the 
height was 
greater and 
the sign — 
less in 
1920-21 
than when 
originally 
levelled. 


+0°007 
+0 °016 
—0°002 
+0°003 
—0°005 


+0°011 
—0:°001 
—0°003 
—0:007 


0°000 
—0°002 
—0:003 


ps 
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Bench-marks of the original ts 
levelling that were connected a d 
during the revisionary operations. £ a 
o 
a 
Z3 
— g 
EE 
S 
B 
Description. 
Miles. 


RECORDS OF THE SURVEY OF INDIA, 1920-21. 


TABLE III.—Revision L&EvEt.ina. 


[Vol. XVI. 


Discrepancies between the old and new heights of bench-marks. 


Difference between orthometric 
heights, above (+) or below (—) 
the starting bench-mark. 


| 


From 
published 
heights 


Feet. 


Date of 
Original 
levelling, 


C. Revision of Branch line 64 A (Bareilly to Pilibhit). 


53 | 53 P| GTS. 


93- 
112 
118 


114. 
125 
126 


a 


9 


, 


” 


127-| ) 


1°81 5 


129 
130- 


141] ) 


142 
143 
144 


Li + + 


4,| 79 EB | Fmbedded, Poradaha 0 
Bridge Q- 
9 0 
i. ie 
” . l & 
Embedded, Damukdia }7* 
Tron bolt 18 
lron rail Peat e 
tmledded, Sara s5. es" 
Bridge ee 
Kmbedded, Gopalpur si 
Bridge dae 
‘ .. [BC 
Embedded, Malanchi 40 
Bridge . (42 
+ . (43 
AS 


>” 


Persadi Teli’s well, Nawabganj 


tahsil 21 
Ataria Tower station 09. 
Kalianpur Tower station 80: 
Umra Tower station ie 
At Jama Masjid, Pilibhit 34: 


Embedded, Nator 


POPRNINWMR QS wWNDOU Quo 


6 


nw 


. _ at Cantt. church, Bareilly | 0°0 | 


0°000 


+ 26°157 


1+ 59°759 


ee 


t++t+++++++¢+++444/ 1 


+ 69°280 


+ 50°416 


+ 53°527 


CROTIONR ANDRASIK AN ROO 


525 
9:52 


‘521 
‘973 


527 


‘557 
°137 
*139 
*4.32 
*399 
°730 
‘O84 


°550 


F. Revision of line Manthart to Katihar, part of line 77 


159 
158 
157 
156 
155 
154 
153 
152 
15] 
150 


72 O 


# Destroyed. 


Embedded, Manihari 
Bridge 
F mhedded, Manshahi 
Bridge l 
” I 
: | 
Embedded, Katihar 15: 


+ Unaltered. 


aH ODOKKWTDSO 


ie a ee 


“000 
‘431 
‘O70 


649 


‘264 
“O48 
‘097 
“12 
021 
B00 


§ his bench-mark fails in degree sheet 78 D and is numbered 88. 


1867-68 


1882-83 
1894-95 


‘000|} 1899-1900 
°178 
‘351 
"452 
‘430 


B (Parbatipur to 


1899-1900 


Difference 
ona 
Thement 
denotes 
that the 
height was 
greater and 
the sign— 
From less in 1920-2] 
revision than when 
1920-21 originally 
(Unadjusted).| levelled. 
Feet. Feet. 
0-000 0°000 
- 
+ 26°179) +0:°022 
ere ve. * 
+ 59°808) +0°049+ 
“fe **f * 
+ 69:289) +0°009 
“ee. "ee. * 
+ 50°322) —0°094+ 
* 
+ 53°472| —0-055+ 


yo 


++t+++t++¢t+t+s tts | 


++ 1 t+ | 


Revision of line Poradaha to Nator, gart of line 77 (Howrah to Ramganj). 


| 
‘on 
‘169 
“332 
°378 
-259 
‘465 
742 
"416 
033) 
"044 
*608 
161] 
106 
340) 
*492 
874 
+2535 
°635 


ba 
m= © 


OST O Ore Cresco nme opm 


Mantharr). 


“000 
°105 
°131 
CENT 
‘OR4 
‘123 
-143 
-094 
“104 
‘000 


‘000 
°326 
*939 


0 
0 
1 
1 
1 
0 . 
0 
0 
1 
1 


t This bencli-mark falls in degree sheet 79 A and is numbered 2380. 


pigteadiby Google 


LEVELLING. 


TABLE III.—Revision LEvELLINnG.—( Concluded), 


Discrepancies between the old and new heights of bench-marks. 


Vol. XVI] 
Beuch-marks of the original 
levelling that were conn 
during the revisionary operations. 
8 $43 
< ke 3 Description. 
z | Aa 


150 


61 


F. Revision of line Katihar to Rautara, Part of line 77 C (Katthar to Anchra Ghat). 


7 _ Difference between orthometric 

2 d heights, above (+) or below (—) 

£ a the starting bench-mark. 
7) 

EE: 

ae 

e - From revision 
e a Date of 1920-2 

eg Original (Unadjusted). 
wT levelling. 
Miles. Feet. Feet. 


720 | Embedded, Katihar os 0°000|1899-1900 0-C00 
, | Bridge i si— 0-649} , |— 0-582 
‘ 5 3°6 + 2°679 + 2°979 
” ” 4 + 4° 168 9 + 4°338 
, ‘9 H 7°529 és + 7°675 
, | Embedded, Rautara i: : 10° 665 in + 10°833 
H. Branch-line 64 G (Shahjahanpur to Baghault). 

| 54M | Jawala Persad house gate at | 

| | Shahjahanpur i 7 0°7 _ 15°090| 1919-20 |— 15°099 
I. Part of Main line 101 (Jacobabad to Hyderabad). 
39 D | Standard, Jacobabad ie 0-0 0-000; 1909-10 0-000 
» | Victoria clock ‘lower at Jacob- 

abad 0°6)+ 2°740 ‘5 + 2°731 
.. | Municipal office | O-'9— 0:°738 — 0-771 
35 M | Sojira Tower station .. LO6"*1— = 9562 1858-60 |— 10-596 
- Lokha ‘lower station . /118°5\— 28°870) “3 — 29°461 
es oH | Embedded B M. at Gularo .. |212°8}— 69°020) * — 69°554 
c Zero of Kotri gauge ... 319°7;\— 116°164 1904-06 |—116°405 
, | Wooden water gauge . |819°7|— 116°767| _,, —116°984 
‘ ie es near Flotilla office (320°0— 117°611 = '—117-786 

| | 
Gidu Bandar bridge .-e |B20°6)— 92-825) e \— 93:°037 
Railway bridge near T. P, ao - (822-0 — 100°687 ‘“ '—100°908 


71 


Difference 
( ie 


than when 
originally 
levelled. 


Feet. 


0-000 
+0°067 
+0°100 
+0°170 
+0°146 
+0°168 


* Unaltered. 


+ New value and number given. 
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TABLE IV. 


Inst of Great Trigonometrical Survey Stations connected by Spiritelevelling, Season 1920-21. 


an rEE———— ll —ET—————E——ETT ll _rEeEEEEEEEEE—————————— 
Height above mean sea-level 


t 
oe | Difference | 
Name of station New spirit-| Old spirit- Triangau- A—S. L.H. | REMARKS 
levelling | levelling lation ; ; 
Feet. Feet. Feet. Feet. 
Sertes 3. Amua Meridional. 
1. Nimkar TS. ... | 465°185 on — ae The station no longer cor- 


responds with that described 
in Triangulation pamphlet 
63A. A comparison of heights 
is therefore impossible. 


1g ; ‘ __n- Connected to ground mark- 
2. Asu T'S. w» { 450°791 eit, 450-0 0°8 stone at top of mound. (Vide § 


Triangulation pamphlet 63A). 


The scation appears to he 

: new and no comparison is 

3. Etora TS. wee | 427°229 ee ose © | possible. (Vide ‘Triangulation 
| pamphlet 63B), 


Series 6. Great Arc Meridional. Section 24° to 30°. 


Alipur H.s. ... | 13848 °847 wee 1351°0 | +2°2 Connected to upper mark- 


4, 
stone. (J de Triangulation 
pamphlet 54A). 

5. Madhoni HS, eae 709 ° 323: sel 714°0 +4°7 Connected to ground 


mark-stone ( Vide Trianga:a- 
tion pampblet 54K). 


Series 12. Karara Meridional. 
I A 
: eee ; : ae Connected to mark-stone 
6. Tauli ‘T.S. ... | 3899 319 one 405 °0 +9 ? 24 feet above that at base of 
pillar, (Vide ‘Triangulation 
pamphiet 63F). 


7. Sora T.8 400° 482 a 409°0 4+8°5 Connected to mark-stone 


24 feet above that at base of 
pillar. (Fide Triangulation 
pamphlet 63F). 


F : . 2 Connected to mark-stone 
8. Munai TS. ... | 880° 491 a 392°0 +1°5 20 feet above that ut base of 


pillar. (Vide Triangulation 
pamphlet 63F). 


————— 


Series 16. Calcutta Meridtronal. 
[EnnTSnnTT nn TTT 


9, Imamnagar T.S. | 49°498 as 55°0 +5°5 Connected to ground level 
= mark-stone. (Vide Triangu- 
lation pamphlet 78D). 


“y= Ss. a 76°727 = 92-0 +15°3 Connected to ground level 
10. Dilal DBE TS mark-stone, (Vide Trianga. 
lation pampblet 78D). 


11. Onali T.S. ... | 129°815 . 151°0| +4+21:2]| Connected to ground level 
mark-stone. (Fide ‘Triangu- 
lation pamphlet 78D). 


S. ee 52-562 ee 59:0 +6°4 Connected to grovnd leve 
ie Ae a mark-stone (}ide Triangu- 
lation pamphiet 79A). 


13. Kistonagar TS, sae 38 °873 wal 49:0 +10°1] Connected to ground level 


mark-stone. (Fide !Jriangua- 
lation pamphlet 794). 


ee ee ee ee ms 
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TABLE IV.—(Continued). 
List of Great Trigonometrical Survey Stations connected by Spirit-levelling, Season 1920-21. 


| 
Height above meun sea-level 


eon poe es Difference 
ee New spirit-| Old spirit-| Triangu- | 4—S.L.H. Reaiaee. 
AIG Ch satavOM levelling | levelling lation 
Feet. Feet. Feet. Feet. 
Sertes 16. Calcutta Meridional.-—( Concluded). 
Pe aa ee ae ce eS ne re ee 
14, Gobipur = TS. | £0°796 ae 47-0 +6:2{ Connected to ground level 


: mark-stone. (Jide Triangu- 
lation pamphlet 79A). 


15. Bahadurpur TS. | 39°881 43°0 +3-] Connected to ground level 
'mark-stone. (Jide ‘Triangu- 


lation pamphlet 79A). 


.mark-stone. (lide Triungu- 

'jation pampkiet 79A). 
53-0 4+7°0. Connected to gronnd level 
| mark-stone. (Jude Triangu- 

lation pamphlet 794). 


‘ 


17. Teragari TS. we | = 647°990 


| 
16. Beliaiti TS. oh 97° 544 . 98:0 +0°5. Connected to vround level 


Series 19. Gurwénat IMeridiona?, 


18. Rahet VS, 


(Ground level) . | 842°549 | 342 °549 B45] —1-0 Vide Triangulation pamph 
(Upper mark) ... | 368°006 - 367°0} —1-0| let 68 J. 

19. Raraul TS. .. | 345 °574 ks 349-0 +3°4 | Connected to mark-stone 
16 feet above that at base of 
pillar, (Vide Triangulation 
pamphlet 63 J). 

20. Sirwara ‘T'S. ... | 333°989 ee 840 °9 +6°0 Connected to mark-stone 


16 feet above that at base of 
pillar. (Mide ‘Triangulation 
pamphlet 63 J). 


Series 20. North-Kast Longttudinal. 


21. Ataria TS. ...| 618°486) 618°486 628-0 +9'5 Ground level mark-stone. 


(ide Triangulation pamphlet 
53 P). 
22. Kahanpur ‘TS. ... | 628°007 | 628°007 633°0 +5°0 Upper mark-stone. (Mide 


Triangulation pamphlet 53 I). 


23. Umra TS. ... | 609° 143 | 609-143 613°0 +3°9 Upper mark-stone. (Vide 


Triangulation pamphlet 53 P). 


24. Shahgarh'l.S. | 684-512]... 635°0| +0°5]| — Connected to mark-stone 
12 feet above the lowest 
mark-stone. (Ide Trianeula- 
tion pamphlet 62 D). 


25. Udepur ‘IS. | 589° 847 - 588-0} —1°&|__ Connected to mark-stone 
7 feet above the lowest mark- 
stone. (Fide Triangulation 
pamphlet 62 D). 


26. Kara TS. .. | 006°498 sad 552°0 —4°5 Connected to mark-stone 
about 20 feet sxsbove the 
surrounding ground level and 
probably corresponds to that 
aescribed as 14 teet above the 
lowest. (Vide Triangulation 
pamphlet 62 D). 
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TABLE IV.—(Contenued). 


List of Great Trigonometrical Survey Stations connected by Spirit-levelling, Season 1920-21, 


Height above mean sea-level 


New spirit-| Old spirit- | Triangu- | Difference 


Name of station. lerelling levelling lation A—S.L.H. REMARKS. 
Feet. | Feet. Feet. Feet. 
I 
Series 20. North-East Longitudinal.— (Concluded). 
27. Kokra T.S. . | 516°079 ee 505°0 —ll:] Connected to wark-stone 


12 feet above the Jowest 
mark-stone. (Vide 'l'riangula 
tion pamphlet 62 D). 


28. Ssidhari T.S. ... | 492° 263 ae 493-5 +1°2 Connected mark-stone is 
12 feet above that at base of 
pillar (481°5). (Vide Triangu 
lation paniphlet 63 A). 


29. Bakwa ‘'T.S.* aes ae 284° 192 os. she Ground level mark-stone 
(Vide Triangulation pamphlet 
72 A). 

30. Ramnagar TS. ... | 309 °078 ae 312°0 +2°9 Connected to ground leve 


mark-stone (Jide Triangula- 
tion pamphlet 72 A). 


31. Tarharwa TS. ... | 270°614 wee 274°0 +3°4 Connected to ground level 
mark-stone. (Vide Yrianguia 
tion pamphlet 72 A). 


39 Sikta TS. ... | 262°895 oes 267°0 +4°1 Connected to ground level 
mark-stone, (ide Triangula- 
tion pamphlet 72 A), 


“7 


33. Harnahi T.S. ... | 245°260 es 249 °0 +3° Connected to ground level 
mark-stone. (Jide Triangula- 


tion pamphlet 72 B). 


84. Sinaria TS. .. | 266°845 - 269°0| +22]  Conneeted to top mark- 
stone. (Vide ‘Triangulation 
pamphiet 72 F). 


35. Humaunpur T.S. _.. | 186-287 ee 192-0 +5°7 Connected to ground level 
mark-stone. (Vide Trianguia- 
tion pumphlet 72 ¥). 


36. Shahpur TS. ... | 190°695 a. 6t «1980 +7°3 Connected to top mark- 
stone. (J%de ‘lriangulation 
pamphlet 72 F). 


Series 27. N. Parasnath Mertdional. 


37. Chotaipati T.S.* oii : 154°303 Be a _Ground level merk-stone. 
(Fide Triangulation pamphlet 
72 F). 


Series 32. Great Indus. 


at Sa a i SS ee ee eG ee | 


38. Sojra TLS. | 172°3831 | 173°289 173°0 +0°7 Connected to upper mark 
stone. (Jude ‘lriangulation 
pamphlet 35 M). 


39. Lakha T'S. .. | 153°475 | 153-98] 154° 4 +0°9 Connected to ground level 
murk-stone (Vide Triangu- 
lation pamphlet 35 M). 


* A difference of 0-735 foot has been adjusted between Bakwa T.S. and Chotaipati V.S., which form 
the terminals of the linc Darbhanga to Bagaha. 
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TABLE IV.—( Concluded). 


Inst of Great Trigonometrical Survey Stations connected by Spirit-levelling, Season 1920-21. 


Height above mean sea-level 


: New spirit- | Old spirit- | Triangu- | Difference 
BR EOL Hearn levelling | levelling lation 4—S.L.H. Cuenee: 
Feet. Feet. Feet. Feet. 


Series 33. Rahin Meridsonal. 


40. Banskho HLS. _.. [1878-079 os 1870-0 —8°] Connected to upper mark- 
stone (Vide Triangulation 


pamphlet 54 B). 


Series 48. East Caleulta Longitudinal. 


41. Ghatigachhi TS. ...] 31°760 cas 33-0 +1:2 Connected to ground level 
mark-stone (Vide Triangula- 


tion pamphlet 79 A). 
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MAGNETIC SURVEY. 


By E. C.J. Bonn. 


PERSONNEL OF No. 18 Parry. The present report on the work of the mag- 
Class I Officer. netic party in 1920-21 comprises :— 
Mr. E. C. J. Fond, V. D., in charge. I.—An account of the work during the 
Class II Officer. field and recess seasons. 
Mr. N. R. Mazomdar. II.—A note on each of the observatories. 
Upper Seorcinate: Seretee: I1I.—Tables of the mean values of the mag- 


Mr. B. B. Shome. ‘ i 
H.C. Banerjee, B. A netic elements, dates of magnetic dis- 
Cc. , B.A. 


Fewer Suhosdinale Becbice turbances, and hourly means and diurnal 
2 Magnetic Observers. inequality of the magnetic elements at 
10 Computers, etc. observatories in 1920. 


%9 


I.—WokkK DURING THE FIELD AND RECESS SEASONS. 


1. Work during the field seasonComplete sets of magnetic observations were taken 
at the Dehra Din and Toungoo observatories for the comparison of instruments. The Alibag 
and Kodaikanal observatories, under the control of the Meteorological Department, were also 
visited by the officer in charge for the same purpose. 

Double sets of declination, dip and horizontal force observations were taken this field 
season at the six repeat stations—Quetta, Karachi, Bina, Dibrugarh, Barrackpore and 
Waltair. It is intended to determine the magnetic elements at these stations annually in 
order to obtain better indications of the annual changes in these elements, as explained below. 

It was considered at first that the average annual changes in the magnetic elements 
could be derived with sufficient accuracy from the observations taken every five years at all 
the 80 repeat stations in India; since, however, there is evidence that the secular changes in 
these elements are subject to marked changes in their rate of progression at various times in 
different parts of India, it is now considered necessary to supplement the 5-yearly observations 
by annual observations at six of the repeat stations, suitably situated at even distances apart, 
with the object of ascertaining in which particular year, during the 5-year period an 
appreciable change in the secular variation occurred in any area, so that it may be possible 
to determine with greater accuracy the rate of average annual change which the magnetic 
elements undergo from time to time in various parts of the country. 


During the field season simultaneous observations were taken at the Colaba and 
Alibag observatories, about 18 miles apart, to determine the difference in the horizontal force 
between these places. | 

It was considered advisable this year to take these observations as a check on the 
difference derived from the independent comparative observations made with the Survey field - 
instruments at Colaba in 1906, before magnetic work was discontinued at that observatory, 
and the earliest comparative observations taken, in 1907, at Alibag, so as to make sure that 
the constants applied to the observations in 1906 and 1907 for the Colaba and Alibag instru- 
ments had been satisfactorily determined. 

Since it was decided to revise the constants of all the instruments, as reported last 
year, it was necessary also to examine and adjust those of the Colaba and Alibag instruments 
in order to preserve uniformity in the reductions and to obtain satisfactory determinations 
of the horizontal force at Colaba and Alibag in terms of the Survey standard at Dehra Din 
to permit of interpolating the disturbance and diurnal inequality corrections from the results 
of these observatories in the final reduction of the field observations to epoch. 

Without the simultaneous observations taken this year, as a check, at Colaba and 
Alibag, it seemed difficult to accept the comparative results obtained through the field instru- 
ments in 1906 and 1907, which do not afford a direct means of determining the difference in 
the horizontal force between these observatories. 

Unfortunately, the results of the recent comparisons and those of 1906 and 1907 are 
not in good agreement and the only other way of testing the quality of the results of the 
latter comparisons was to plot the monthly mean values of the horizontal force at Colaba and 
Alibag respectively for the years 1906 and 19G7 and for subsequent years at Alibag only, 
after a careful adjustment of the constants of all the instruments, and from the plotted 
curves to ascertain what anomaly, if any, existed in them. It was most satisfactory to find 
that the curves of the plotted monthly mean values of the horizontal force at Colaba and 
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Alibag meet at a common point, when both are reduced to terms of the standard, and are in 
good accord with the leading features of the corresponding curves at other observatories, 
which is evidence in favour of the correct constants having been determined for the Colaba 
and Alibag instruments in 1906 and 1907, and this evidence is further strengthened by the 
consistency, throughout, of the values of the differences between the instruments of each of 
the two observatories and the Survey standard. | | 

From the evidence given above the natural inference would be that the recent simul- 
taneous observations are faulty. This, however, is not the case so far as the observations 
themselves are concerned, as the quality of the results and the accordant values of the 
instrumental differences in these comparisons show. The Absolute House at Colaba, where 
magnetic observations were taken originally and where the simultaneous observations were 
also taken this year, had undergone some alterations when in use as an office after 1906 and 
this has probably effected a change in the magnetic condition of the building and is most 
likely the cause of the non-agreement of the recent comparisons with those of 1906 and 
1907. 

The data required for the investigation of the Colaba and Alibag results were obtained 
from the original records of 1901 to 1920, with the consent of the Director of these observ- 
atories to whom thanks are due for kindly permitting access to the records, 

The computations, which have entailed a good deal of labour, were taken in hand 
during the latter part of the field season and have been completed during the recess. 

The staff of the party was employed during the field season on the revision of the 
reduction of observations to epoch and in the computation of the observations received from 
the several observatories. 


2. Work during the recess——The computation of the observations taken at repeat 
stations and at observatories for the comparison of instruments, and the computation and 
tabulation of the provisional values of declination, dip, horizontal force and vertical force at 
the three observatories Dehra Dan, Toungoo and Kodaikanal for 1920 have been completed. 
The mean values of these elements for the year, derived from the measurement of traces of 
all available days, excluding those of great disturbance, are given in Table III at the end of 
the report. 

Publication of’ the results of the magnetic survey.—The reduction of the observations 
at the field and repeat stations to the epochs 1909-0 and 1920-0, which was last year 
reported to be under revision, Is now well advanced and will be completed about the end 
of the year. The necessary charts and tables of results, ete., will then be taken in hand for 
the Magnetic volume which it 1s hoped will be ready for publication by the middle of 
next year. 

Great Magnetic Storm.—A magnetic storm of great intensity, which interrupted the 
working of the telegraphs in India, was recorded at the observatories from the 13th to the 
17th May 1921. It began suddenly in all the magnetic elements at 13 hours 8 minutes, 
Greenwich Mean Time, on the 13th May, and was practically simultaneous at all the magnetic 
-observatories—to the degree of accuracy with which it is possible to measure time on the 
magnetograms. The main features of the disturbance correspond closely at all the observa- 
tories though they differ from each other in amplitude and period. In horizontal force and 
declination the largest perturbations are at Dehra Dun and next in order of intensity are those 
at Toungoo and Kodaikanal. In the vertical force the intensity is about the same at Dehra 
Dan and Kodaikanal and less at Toungoo. A prominent feature in the horizontal force at 
all the observatories is the speed and amplitude of the disturbance between 21 hours 20 
minutes and 21] hours 41 minutes, G.M.T., on the 13th. This feature shows up to a much 
lesser extent in the other elements. Minor rapid fluctuations followed and the greatest 
activity in all the elements began on the 14th at 22 hours 15 minutes, G.M.T., and lasted for 
about 10 hours, during which time the movements in the horizontal force were so rapid that 
no record was obtained on the photographic paper in the downward movement, which was 
the greatest phase of the storm. After this there was a gradual rise in the horizontal force up 
to about 2 hours 20 minutes, G.M.T., on the 16th with frequent long and short period 
oscillations. Between 9 hours and 10 hours, G.M.T., a depression again occurred when the 
trace went bevond the limits of the magnetogram. A gradual rise with minor oscillations 
then continued up to 7 hours +8 minutes, G.M.T., on the 17th, when the storm ceased. The 
other elements showed no very marked variations after the ten hours of great disturbance 
on the 14th. 
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It is noteworthy that this storm synchronized with the reported display of the Aurore 
and with the appearance of large sun-spots which seem to be so closely associated with 
magnetic disturbances. 

Programme for 1921-22.—During the ensuing field season observations will be taken 
for the comparison of instruments at the Dehra Din and Toungoo observatories. The Kodai- 
kanal and Alibag observatories, under the Meteorological Department, will also be visited for 
the same purpose. 

Magnetic observations will be taken at six repeat stations—Quetta, Karachi, Bina, 
Dibrugarh, Barrackpore and Waltair—for the purpose of supplementing the 5-yearly observ- 
ations at all the repeat stations, in order to obtain reliable values of the annual changes in the 
magnetic elements, as explained in the beginning of this report. 


II.—Tue OBSERVaTORIES IN 1920-2]. 
Dehra Dun Observatory. 


1. The declination and horizontal force magnetographs have worked satisfactorily 
during the year. Some trouble was experienced with the vertical force instrument. It was 
adjusted on the 6th November on account of a shift in the magnet line on the magnetogram 
due to secular change. The adjustment, however, was not satisfactory, owing to the presence 
of insects which crawled about the magnet system and frequently agitated it. The adjust- 
ment was repeated on the &th, but the sensitiveness of the instrument was disturbed and the 
scale value rose to nearly 12 gammas. On the 3rd December the instrument was adjusted 
again and the scale value reduced to 9 gammas. 


Sulphuric acid was placed in a small cup inside the damping box and renewed every 
third day to destroy the insects, which were not exterminated until after the middle of 
December. 


The clock of the vertical force instrument stopped on the 19th June owing to the 
works being clogged. In the attempt to clean it the observer had evidently disturbed the 
instrument and the magnet line appeared very low on the magnetogram: this was adjusted 
on the 29th June. The clock again stopped on the 5th July and continued to work unsatis- 
factorily until it was discovered on the 20th that the pin which connects it to the cut-off was 
at fault, this was set right on the 2]lst. Unfortunately, insects again disturbed the magnet 
system, which was removed and brushed, ihe agate supports cleaned and the system adjusted 
on the 28th. Insects continued to cause trouble and on the 19th August the magnet system 
was again removed and cleaned and the sensitiveness of the system re-adjusted when the 
scale value was brought down to 6 gammas. There were, however, still signs of insects 
and cleaning and adjustment were once more necessary on the 26th. On this occasion 
formalin was placed in the cup inside the damping box to destroy the insects and this appears 
so far to have had the desired effect. 


The passage round the underground room of the observatory was flooded again this 
year. The inundation began early in the first week of September after heavy rain in the 
hills. The water first seen in the passage was 6 inches deep and on the third day, after 
continuous rain, rose to 3 feet and flowed over the barrier at the entrance to the inner room. 
The water was accumulating so fast that 1t was not possible to expel it quickly enough with 
the pump at the observatory and bailing out the water had to be resorted to as well. Coolies 
were employed day and night for two days pumping and bailing out the water, after which 
it decreased to 6 inches in the passage and three days later subsided on a cessation of rain in 
the hills. On the recurrence of heavy rain in the second week, water again entered the 
passage and there was additional leakage from fresh cracks in the walls of the passage. It 
was also noticed that the plastering which had bulged in the north wall some years previously 
had swelled out more. The water gradually rose to about 2 feet in spite of continuous bailing 
and pumping but subsided again after a few days at the end of the third week. 


The walls of the observatory have suffered much, year after year, from the effects of 
the reveated pressure of the subsoil water and there is great risk of the observatory being 
badly flooded during future heavy rains and of the walls being considerably weakened. No 
means of improving the condition of the building seems feasible and the only solution, to 
avoid a disaster, is to build a new observatory above ground level. 
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2. Mean calnes of the declination and H.F. constaxts.—The table below gives the 
mean monthly values of the magnetic collimation, the distribution constants P1-2 and Pe.-g, and 
the accepted valaes of p and q used in determining the values of the distribution factor. The 
values of the moment “‘m” are also given, as determined by the revised distribution factor 
and moment of inertia used for the computations in 1915. The values of ‘‘ m” in the table 
were derived from vibration observations taken with the chronograph. 


Mean values of the constants of magnet No. 17 in 1920. 


DECLINATION 


CONSTANTS. | H. F. CONSTANTS. 
MonrTHS. i DIsTRIBUTION Factors. MEAN VALUES OF m. 
Mean a ee 
spinnietion: P. Pos | Berenice velvet: Monthly | Accepted 
a a 

January ci. ae a 8 6-02 7-16 806-73 | 806-73 
February ee - 7 6 6°11 6-64 806°73 806-73 
March iss - @ 1 6°11 6°45 ! 806 -66 806 -66 
April ae - 7 8 6°02 6°64 | 806 -53 806-53 
May was - 7 7 6-07 6-70 es - 806-50 806 - 50 
June wll, es Gi Js 6-00 6-68 = e 806-40 | 806-40 
July oes - 7 3 6-01 6°48 | 806°34 |) 
August ae —- 7 1 6:08 6-55 806-35 
September a - 7 5 6:03 6-41 806 - 32 
October as - 6 5 5°93 6°39 806-66 
November nae - 6 53 5-84 6°75 806 ‘82 


December 


far) 
Qu 
© 


8U6 91 


3. Mean base line values.—The table below gives the mean monthly observed and 
accepted values of the declination and horizontal force base lines: the accepted values have 
been used to compute the values of these elements for 1920. The H.F. base lines have been 
derived from H as determined with the moment of inertia and distribution coefficient used in 
the computations for ]915. 


Base line values of magnetographs in 1920. 


DECLINATION, Hor:zonTaL FORCE. 
MONTHS. 
a a = | C.G.8. C. G.8. 
January ies 1 3°8 1 3:8 ‘32689 -32689 
February ee 1 3:3 1 3°8 *32691 *32691 
March 1 3°7 1 3°7 - 32692 -32692 
April oa: 1 4:2 1 4:2 * 32692 ‘32692 , 
May wef 1 404 1 4:4 - 32690 - 32690 | 
June 1 4:4 1 4:4 - 32687 - 32687 
July 1 4:3 1 ‘4:3 - 32682 - 32682 
August 1 4:2 1 4-2 *32685 * 32685 
-32686 |) To1sth. | 
September os 1 4°3 1 4°3 * 32686 -32682 for 19th& 20th 
-32677 From 2ist to 
October | 1 89 1 3-9 -32671 -32671 |" ©nd. 
: ‘82807 1 sor 10th. 
November ...] 1 3-9 1 3-9 32661 pcan oe 11th to, 
December so 1 3:9 1 3:9 - 32657 *32657 oe 
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4. Mean scale values and temperature range-——The mean scale values for 1920 for an 
ordinate of 1/25 inch are :— 
Horizontal Force 4°39 gammas, up to July. 
4°36 ,, from August to December. 
Declination 1-03 minutes. 
Vertical! Force 8°46 to 11-92 gammas. 

The mean temperature for the year was 25°-7C.; with maximum and minimum 
monthly values of 26°-3 C. and 25°:5 C. The temperature of reduction is 27°-0 C. 

5. Mean monthly values and annual changes.—The following table shows the month- 
ly mean values of the magnetic elements for 199 and 1920 and the annual changes for that 
period. The annual chanees in the horizontal force are deduced from the values of H correct- 
ed for the moment of inertia and the distribution factor used in the computations for 1915. 


Annual changes at Dehra Din in 1919-20. 


HonIZONTAL FORCE DECLINATION VERTICAL FORCE 


° 32000 C. Ga. S. + | E, 1°+ N, 44? + *32000 C. G. S. + 
MoxtTus. oe ae ee eee ee ne re aeey 

i919, | 1920, | ae. | lolg. | 1920 ae 1919, | 1920 SHR 1919. | 1920, | eo 

y | Y | on ee ee ’ ’ | y |v} 
January | 936 | 966 | +430 | 358-5!) S44, —4-1 | 538-0 | 57-6 | +4°6 g22 | 920 | + 98 
February ... | 900 | G67 + 7 : 58-4) 53°6) —4°8 | 52-6 | 57- +9'3 | 818 | 926 | +108 
March | 957 | 956 oS 1 : S81) S86) —4°5 | 63-B | 59-0 | +575 | 831 | 936 | +105 
April ..| 962) 950} -12 | 57-2 B31) ~ 4°] 2159-61 +6°4 | 822 943 | 431] 
May .. | 955 | 961) + 6 | ee 52-7 - 4-0 -4| 50-2 | 44-8 | 818 | 945 | + 97 
June ..{| 980] 969} -11 | 56-0° 52-2) -3°8 59°1 | +5°S | 851] 951 | +100 
July ..| 9781 goo | -12 | 55-5. 51-8, -3-7 59°5 | 45°35 | 862] 955 | + 93 
August . | 954 | go7] 4 3 | 55-2, 51-3 ~3-9 60-5 | +48) 872] 9651 + 98 
September ae 943 C40 ~~ 3 HTS) 1! 51-1: -4:°0 61°35 | +4-°9 S74 96E | + 92 
October ..{ 951) 929 | -22 | 54°38) 50-4) —3-9 61-8 | +401 908 | 964] + 56 
November ...| 975] 924] -51 | 54-1] 49°9] —4-2 61:8 | +49 | 917 | 959] + 42 
December a 967 926 —41 O4-1] 49-4) --4°7 61-8 | +4°4 916 961 | + 45 
949 | +87 


Toungoo Observatory. 


1. The maenetographs have worked well during the year. ‘The horizontal foree and 
vertical force instruments were adjusted on the 28th February and 5th May respectively on 
account of the shift in the magnet line on the magnetograms, due to secular change and_ loss 
of magnetism. 

Owing to a rapid rate of decrease in the moment of this observatory collimator magnet 
No. 19 A, as compared with the magnets of the other observatories, 1t was decided to replace it 
this year by the spare magnet No. 20 which was formerly in use at the Barrackpore observatory. 
Full sets of comparative observations of all the elements were made with No. 4and No. 19A 
from the 14th to the 22nd February 1921 and with No. 4 and No. 20 from the 28rd Feb. 
to 3rd March, the vibration experiments in the horizontal force observations being taken 
both by the eye-and-ear method and by chronograph. Complete sets of observations to 
determine the moment of inertia of No. 19A and No. 20 were also taken. 

Observations were made with both magnets 19A and 20 fora month after the 
above comparisons were taken and before No. 20 was finally substituted for No. 19A. 

The galvanometer, used in connection with the Earth-Inductor, was working un- 
satisfactorily from the 10th May, from which date no dip observations were taken until a 
month later when the instrument was put in order. The hooks of the stirrup (at the lower 
end of the suspension) by which the galvanometer magnet is suspended became loose. The 
suspension had evidently been raised and was not lowered to its normal position when the 
arrester clips were used for arresting the magnet and consequently, instead of the disc above 
the stirrup being gripped, the clips must have come in contact with the hooks and loosened 
the solder by which they are attached to the cross-piece of the stirrup. After complete 
instructions had been sent to the observer for repairing the stirrup and adjusting the 
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Instrument he succeeded, after several attempts, iu finally putting it into working order. 
Dip observations were then resumed on the llth June. 

The observer reported that on the 16th May the deflection scale in the magnetometer 
was not visible through the telescope and he placed a rubber band at one end of the deflection 
magnet to incline the mirror to enable him to see the scale. He was directed to remove the 
band and written instructions were sent to him for adjusting the mirror which he was able 
to effect on the 4th June. There was a slight improvement in P after this. On the 29th 
June the suspension fibre of the deflection magnet was changed and from that date the values 
of Pj.2 and P23 were again unsatisfactory, no doubt due to a wrong height of suspension 
being used and presumably also to imperfect estimation of the vernier readings. After 
written advice was sent to the observer, who is a newly-trained hand, a marked aProvemeut 
was noticed towards the end of August. 

Chronometer No. 4464, which was in use for many years at this observatory and had 
always kept good time, suddenly went out of order on the 12th April. A spare chronometer, 
No. 6543, was used for a fortnight until another, No. 4762, was received from the Mathematical 
Instrument Office, Calcutta. No. 4464 was returned to store at Calcutta. 

The canvas which covers the matting on the roof of the observatory has deteriorated 
and there was leakage in some parts of the building during the last rainy season. The Execu- 
tive Engineer at. Toungoo has proposed to renew the roof with ruderoid, which is more 
durable than the matting and canvas. 

2. Mean values of the Declination and H.F. constants.—The table below gives the 
mean monthly values of the magnetic collimation, the distribution constants P1.2 and P23 
and the accepted values of p and q used in determining the values of the distribution factor. 
The values of the moment “m” are also given, as determined with the revised distribution 
factor and moment of inertia used for the computations in 1915. The accepted values of ‘‘m” 
in the table were derived from vibration observations taken with the chronograph. There 
has been a drop in P23 as well as in “m” from July, which seems to indicate a change in 
the latter constant: this will be examined when the final adjustment of the constants 
is taken up. 

Mean values of the constanis of magnet No. 19A in 1920. 


DECLINATION H. F. constants. 
CONSTANTS. 
Mowrtus. DISTRIBUTION FACTORS, MEAN VALUES OF m. Remarks. 
Mean a 
magnetic Accepted values 
collimation. P P Monthly | Accepted 
1-2 2-3 Pp q means. m. 
? “ 
January w. | — LL 6] 8°17 | 9°46 865 °58 
February --| — 11 9 | 8-11 | 9°62 865-59 865-43 | to 15th April. 
March we} — lL F |] 8:12) 9°31 865°56 
April [| — 1b 8 | 8-10 | 9°38 y abe Se | 865-10 | from 17th April to the 
Ma - 11 10 | 8-20 | 9-50 1865-23 | gee og | = 
y sh 2 wo | (864-82 " 
June .{ — 1125) 8-21} 9-55) Z 6 861-81 | 864-96 
wr 
; ( 864-77 
se 9 . : 
July eee 11 20 | 8:31 | 9°30 1 864-56 864-77 | to 21st July. 
August ee! — 11:17) 8°31 | 8°45 864-66) 
September we { — 11 11 | 8:24} 8-39 864-60 
October 6 | — Ll 32 | 8°28 | 8°41 864°43 }| 864-59 | from 22nd July. 
November .. | — 11 29 | 8°24 | 8°35 864°68 
December .- | — 11 36 | 8:29 | 8:15 864-61 ) 


3. Mean base line values.—The table below gives the mean monthly observed and 
accepted values of the declination and horizontal force base lines : the accepted values have been 
used to compute the values of these elements for 1920. The H.F. base line values have been 
derived from H as determined with the moment of inertia and distribution coefficient used in 
the computations for 1915. 
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Base line values of magnetographs in 1920. | 
DECLINATION, HORIZONTAL FORCE. 
pena: Sheets Basaines | -ateate waine Kase line 
of Base line. accepted. of Base line. accepted. 
: me ‘ C. G. 8 C. G. § 
January 1 15:0 1 15°6 38664 38664 
February 1 15-0 1 15-0 38669 38669 
March 1 15-0 1 15:0 38676 °38668 
April 1 14:9 1] 14:9 38672 - 38666 
May 1 15-2 1 15:2 38662 "38662 
June 1 14°9 ) 14:9 -38661 -38661 
July 1 14°9 1 14-9 *38647 °38647 
August } 44:9 1 14°9 °38640 ° 38640 
September 1 15°2 1 15:2 38641 38641 
October 1 15:0 1] 15:0 38642 “38642 
November 1 14°9 14-9 °38648 - 38648 
December 1 15:0 1 15:0 °38651 -38651 


4. Mean scale values and temperature range.—The mean scale values for 1920 for an 
ordinate of 1/25 inch are:— 


Horizontal Force 5:36 gammas. 
Declination 1-04 minutes. 
Vertical Force 5:7) gammas, up to June. 
5°74 3 from July to December. 


The mean temperature for the year was 89°-1] Fahr. with maximum and minimum 
values of 89°°5 Fahr. and 89°-0 Fahr. The temperature of reduction is 89°-0 Fahr. 

5. Mean monthly values and annual changes.—The table below shows the monthly 
mean values of the magnetic elements for 1919 and 1920 and the annual changes for that period. 
The annual changes in the horizontal force are deduced from the values of H corrected for the 
moment of inertia and the distribution factor used in the computations for 1915. 


Annual changes at Toungoo in 1919-20. 


HORIZONTAL FORCE DECLINATION Dip VERTICAL FORCE 
-390000 C. G. 3. + W 0°+ N. 23°+ -16000 C. G. S. + 
Moxrus. — 7 = 

1919. | 1920. sete 1919, { 1920. Po 1919. | 1920. my aha 1919, | 1920. nee 

Y Y Y / ; ; : ; ‘ Y Y Y 
January 81 | 106 +25 ]19-0] 22-3] +3°3| 8-5 | 7°97} -0°-8 | 703 | 703 0 
February 90 113 +23 | 18:9 | 22-6 +3-7 8:1 7:8 -—0°3 7Ol 708 + 7 
March 71 | 107 +26 | 19-1 | 22°7 +3°6 | 83] 7:7] -0°6); 696 | 703 + 4% 
April 89 105 +16 | 19°6 | 23:0 +3°4] 8:4 8-2 —0-2 705 710 + 6 
May 86 114 +28 | 19°9 | 23°5 +3°6 8:6 77 —0°9 706 707 + 1 
Jane ... {| 116} 128 +12] 19-8 | 23-4] 43-6] 7:5] 7-7 | 40:2] 705| 712} +7 
July 118 118 0 | 20-1 | 23°6 +3°5 7°8 7°8 0:0 409 710 + ] 
August 94 109 +415 | 20-6 | 23:9] +3°4| 8:9) 7°9} -1:0] 713 | 706) — 7 
September 91 103 +12 | 21°] | 24-5 +3°4 8-7 7°9 -—0°8 709 705 -— 4 
October 96 | 110 +14 | 21:3 | 24-7] 4+3°4] 8:8 | 77 {[ -—L-1 [| 714) 704; —10 
November 116 121 + 5! 21°5 | 24°8 +3:°3 8:0 7:5 -0°5 711 407 —- 4 
December 118 133 +15 | 22:0 | 25°3 +3°3 8-0 7°3 -—0-7 712 709 - 3 
Means 97 | 114 +417 | 20°2 | 23-7 | +4+3:°5| 8-3) 7:7) -—0-6]| 707 | 707 | 0 
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Kodaikanal Observatory. 


1. This observatory is under the control of the Meteorological Department, but the 
absolute observations and the records of the self-registering instruments are forwarded 
periodically by the Director of the observatory for computation and for record in the party. 


The working of the magnetographs has not been entirely satisfactory. The clock which 
works the drums of both the declination and horizontal foree magnetographs stopped on several 
occasions during the year—on the Ist and 2nd October, 28th October, 14th February, 27th June 
and 3rd July. The first and last stoppages were due to the snapping of the chord which 
supports the weight of the clock. The cause of the stoppages for the intervening dates is 
not stated. 


The base line traces in the declination magnetograms were sometimes very faint in the 
month of January but after the end of the month there was some improvement. 


From the middle of May to the end of June the base line traces in the vertical force 
magnetograms were also very often faint. It 1s stated that the magnet was not moving freely 
and adjustments were made. On the Sth July the axis of the drum of the vertical force 
instrument was made vertical. From the 16th to the 19th August the vertical force 
instrument was opened for cleaning as insects had got in. 


2. Mean values of the Declination and H.F, constants.—The table below gives the 
mean monthly values of the magnetic collimation, the distribution constants P, , and P 9.3 and 
the accepted values of p and q used in determining the values of the distribution factor. The 
values of the moment “m” are also given, as determined by the revised distribution factor and 
moment of inertia used for the computations in 1915. The values of ‘“‘m’ in the table were 
derived from vibration observations taken with the chronograph. 


Mean values of the constants of magnet No. 16 in 1920. 


DECLINATION H. F. CONSTANTS. 
CONSTANTS. 
DIsTRIBUTION FACTORS. MEAN VALUES OF m. 
MONTHS. 
Mean = ae Se - 
magnetic Accepted values. wath 
collimation. Piz loge a uae deception 
p q 
January oe — 3 24 6°45 8°27 882-21 
February as —- 3 24 6-50 8-07 882°20 
March — —- 3 20 6:51 7°90 882°12 
April ae - 3 20 6-47 80% 882°14 2 
= 
May ee - 3 16 6-45 8-18 = 
o 
June wee - 3 19 6°56 8:27 & - 8$2-19 é 
=~ © ~ 
July te - 3 16 6°45 8-10 ms 7 882-17 * 
August S38 - 3 19 6°46 8°18 882-11 w 
September Bue -—- 3 19 6°45 7°93 882-10 
October ve, - 3 21 6°49 7:98 882°15 
November ats - 3 Id 6°56 8-43 882:°09 
December ae - 3 18 6°51 8-17 882-27 
NS aS FN anny) 


3. Mean base line valurs.—The table below gives the mean monthly observed and 
accepted base line values of the declination and horizontal foree magnetographs: the accepted 
values have been used to compute the values of these elements for 1920. The horizontal force 
base line values have been derived from H as determined with the moment of inertia and 
distribution coefficient used in the computations for 1915. 
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Base line values of magnetographs in 1920. 
DECLINATION. HonrizonTat FORCE. 
Morrtas. < i Te a, ; 

pies | cee Remarks, of Basciine.| necopted 

January --{ 3 92 3 9:2 *37347 .37347 
February 3 9°5 3 9°5 -37348 °37348 
March 3 9°5 3 9°5 -37348 *37348 
April we] 3 9°5 3 9°5 °37350 °37350 
May 3 95 | 3 9-5 37346 | -37344 
- 82) 28S] RAM | ame | ane 
eh 2 57:5 267-6 | From 1oth. ‘97353 | -37353 
August 2 57°8 2 57°8 °37358 37358 
September 2 58:2 2 68°2 *37353 ‘37353 
October | 2 58°4 2 58-4 *37348 *37348 
November 2 58°3 2 58°3 °37346 *37346 
December 2 58°1 2 58:1 37346 -37346 


4, Mean scale values and temperature range.—The mean scale values for 1920 for an 
ordinate of 1/25 inch are :— 
Horizontal Force 5°93 gammas, up to July. 
5:91 3 from August to December. 
Declination 1-03 minutes. 
Vertical Force 7:17 to 8-06 gammas. 
The mean temperature for the year was 17°:1 C.; with maximum and minimum values 
of 18°:0C. and 16°-0C. The temperature of reduction is 19°-0C. 
5. Mean monthly values and annual changes.—The table below gives the monthly 


mean values of the magnetic elements for 1919 and 1920 and the annual changes for that 

period. The annual changes in the horizontal force are deduced from the values of H correct- 

ed for the moment of inertia and the distribution factor used in the computations for 1915. 
Annual changes at Kodatkanal tn 1919-20. 


HORIZONTAL FORCE DECLINATION 


VERTICAL Force 


37000 C. G. S.+ Ww. 1° + N. # + 02000 C. G. S. + 
1919. | 1920. ae 1919, | 1920. ate 1919. | 1926 ies 1919, | 1920. eae 

Y Y Y ’ . ‘ : y ¥ ¥ 

January 732 | 775 | + 43 | 41°7 | 47°65 | + 65°8 | 31°5 | 34-4] + 2°91] 986) 1021 | + 38 
February 739 | 779} + 40 | 42°2 | 47-9 | + 5:7 | 31:8 | 34-7 | + 2-9 | 989 | 1026 | + 36 
March vee | 730 767 | + 382 42°8 | 48°0 | + 5-2 | 32-1 | 35°6 | + 3-5 993 | 1034 |] + 41 
April "49 | 765[ + 16 | 43°65 | 48°6| + 6-1 | 32-7 | 36-2] + 3-5 | 1000] 1040] + 40 
May 744 | 777 | + 33 43°7 | 49-0} + 63] 32°9 ; 36°6 | + 3 7 | 1002 | 1046! + 44 
June 766 | 791 {| + 26 44°3 | 49°8 | + 5°5 | 33°5 | 36°1 | + 2°6 | 1011 | 1042] + 31 
July 706 | 7941 + 28 | 44-1] 50°6) + 6-5 | 34:2, 36°3 | + 2-1 | 1044 | + 26 
August ee] 749 | 795 | + 46 | 44°93 | O10] + 6:2 | 35-5 36°7 | + 1-2 | 1031 | 1049] + 18 
September 752 | 792 | + 40 46-2 | 510! + 4-8 | 33:8 | 36-4] + 2°61) 1918 | 1045 | + 32 
October vee | 759 798 | + 39 | 46-4] 51-5 | + 6°1 | 84°41 36°7 |] + 2°3 | 1020] 1049} + 29 
November 774 | 799) + 25 | 46°7 | 51-9 | + 5-2) 34-7, 36-8 | + 2-1 | 1025 |] 1050, + 25 
December 772 | 806} + 34 | 47°4 | 52°3 | + 4-9 | 35-1} 37-1] + 2:0 | 1029} 1054] + 25 
Means 753 737 | + 33 44-5 | 49°9 | + S°4 |) 33°5 | 36-1 | + 2°6 | 1010 | 1042 | + 32 
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Mean values of the magnetic elements at observatories in 1920. 


Latitude and 


Observatory. Longitude. 
i re an = 
Debra Dan 2. |{ 23 "3 Ug 
Toungoo - a a2 | na - N. 23° 7:7 
Kodaikanal es 7 


Declination. 


C. G. 6. 
* 32949 


W.0 23-7 


zt N. 4 36-1|W.1 49:9] °37787 


re 


°16707 


°03042 


“ 


80 19 19 N. 


10 18 BON. 


77° 27 «46 E. 


Lat. 
Long. 


K = Kodaikanal ... { 


Long. 78 8 198. 


a Ee 


D = Dehra Din 


Classification and dates of Magnetic disturbances in 1920. 


T = Toungoo 


June. July. August. September. October. November. December. 


May. 


January, February. March, April. 


1920 
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— =Trace lost, 


M = Moderate. G = Great, V.G.= Very Great. 


B= Slight, 


C =Calm. 
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THE COMPUTING OFFICE. 


By Dr. J. de Graarr Hunter, M. A., Se. D., F. Inst. P. 


PERSONNEL. 
Class I Officer. 


Dr. J. de Graaff Hunter, M. A., Sc. I)., F. Inst. P., 
in charge. 


Class II Officer. 
Mr. Hanuman Prasad. 
Upper Subordinate Service. 


Mr. Sarat Kumar Mukerji. 


Computations.—The following computations 
were carried out during the year under review :— 


(a) Graticules of maps for Sir Aurel Stein 
and No. 2 Drawing office. 


(4) Longitude of Dehra Din by wireless tele- 
graphy. 


(c) Plumb-line deflections in Turkistan re- 
ferred to Helmert’s spheroid. 


Computing Office. (¢) Computations for Tables, 


Part III, 5th Edition. 


(e) Bouguer and Hayford corrections for 
pendulum stations in Turkistan. 


Auxiliary 


Rai Sahib Ishan Chandra Deva, B. A., Head 
Computer, 19 Senior and 5 Junior Computers; 
9 Computers from field partics worked fora - 
portion of the year. 


Printing Office. (7) Meteorological computations. 


1 Assistant Supervisor, 2 Clerks, 25 Compositors, 
6 Distributers, 3 Pressmen, 1 Stereotyper, 
8 Machine Printers, 7 Inkmen, 1 Roller 
moulder and 13 Book-binders. 


(9) Heights of gravity stations in Turkistan. 
(4) Re-modelling of computation forms. 


Workshop. (2) Re-grinding of a figure in the Burma 


1 Head Artificer, 21 Carpenters, and fitters. Coast Series. 


Solar Photography. (7) Adjustment of new stations fixed by 


Mr. J. Bond in Assam after the Assam Earthquake 
of 1897. 
Adjustments.—(a) Heights of Khasi and Jaintia Hills Series and of Monghsat 
and Mawkmai Series have been adjusted. 
(5) Kashmir Series, Indo-Russian connection, Monghsat and Mawkmai Series were — 
completed this year. 
(c) Pendent portion of the Kashmir Series has been adjusted. 
(¢) Kagan, Changchenmo, Rupshu, Bara Lacha and Upper Indus Secondary Series and 
minor triangulation falling in degree sheets, 39A and E, have also been adjusted this year. 
Investigation.—Some computations have been carried out in order to investigate (a) the 
formule for barometric heights, (4) the personal equation between Dr. Hunter’s and Major 
Mason’s star observations, (c) the pressure and temperature at Kinchinjunga and K? and 
(d) the height of Mount Everest. 


Triangulation Pamphlets.—Final corrections were applied to the latitude, longitude. 
azimuth, log side and heights of stations and intersected points of triangulation falling in 
70 degree sheets in Burma, N.W. Frontier and transfrontier regions, 120 pamphlets were 
compiled, 104 compared and 87 sent to press; of these latter 51 copies were published during 
the year. Besides these, fair copies of 52 pamphlets were made. 

Levelling.—As mentioned in last year’s report, Levelling Pamphlet 54 has been 
reprinted. An addendum to Levelling Pamphlet 44 and a large number of slips containing 
records of the work of season 1919-20 have been printed for incorporation in Pamphlets 
38, 39, 47, 53, 63, 78, 79 and 83. 

Revision.—(a) The following forms have been revised:— 

Trian: Nos. 16 to 21, Topo: Nos. 7 to 9,12 to 15 and 23 to 25, the last three 
being new forms, also Trav: Nos. 8 to 10. 

(6) Auxiliary Tables, 5th Edition.—(1) Part I reprinted, (2) Part II reprinted with 
a new table (23 Math. 6-figure logarithms of numbers), (3) Part III, 23 tables have been 
prepared. 

Requisctions.— 250 requisitions for data were received from departmental and non- 
departmental officials. In some cases these requisitions were met by the supply of printed 
publications, in others it was necessary to extract the required information from manuscript 
records. On requisitions from the Siam State and Superintendent, Eastern Circle, copies of 
triangulation data in Burma were made and supplied. 


1 Assistant Solar Photographer. 
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Research.—(1) Wireless Longitude Observation, January—March 1921. 


A Marconi multi-valve amplifier and detector, type 55 A, was lent by the Deputy 
Director, Army Signalling, and Lieutenant C.E. Sketch, 3rd Wireless Squadron with 4 
British other ranks brought the apparatus to Dehra Din and explained its use. Paris 
signals were picked up on the third day, and after that on most mornings of observations. 
Nauen (Berlin), Caernarvon and Tokyo were frequently heard. At the outset atmospherics 
were troublesome. ‘T'wo aerials were tried, one 72 feet high in the Survey compound among 
trees, and the other 100 feet high on the mazddn in the open. The latter gave somewhat 
louder signals, but atmospherics were not reduced, as had been hoped. A still greater disturb- 
ance was caused by the working of some Central Asian station, on the same wave length 
as Paris. Quetta interfered several times, until the Director of Wireless issued orders that 
there should be no signalling of messages at the time of the time signals. 


The Paris signals are of two kinds (1) ordinary, in which the precise times 11-45, 
11-47, 11-49 (night) are indicated by the beginning of a bar, after suitable warning signals, 
and (2) scientific, in which 300 dots equally spaced are sent out in about 293 seconds, begin- 
ning shortly after 11-00 (might, Greenwich time). The precise times, to 0-01 second, of first 
and last dots, are signalled after the ordinary time signals are finished. These dots are heard 
in a double telephone receiver, in which the clock beats are also made audible. The dots 
gradually overtake the clock beats and it is only necessary to note the moment at which the 
two coincide, as they do 5 times in a set. 


Coincidences were successfully noted on five mornings by Dr. Hunter, and on two 
mornings by Major Mason. The transits of time stars were observed before and after the 
wireless signals. The results obtained cannot at present be cleared of personal equation in 
time determination, as the Dehra transit instrument is not fitted with an “impersonal micro- 
meter’’. 

The following are the values of the difference of longitude from Greenwich that have 
been determined :— 

5 hours 12 minutes 11-220 seconds, by Dr. Hunter by wireless in 1921. 

5 hours 12 minutes 1]°383 seconds, by Major Mason 

5 hours 12 minutes 11-267 seconds, by Sir Sidney Burrard, and Sir Gerald Lenox- 
Conyngham in 1894-96, by ordinary telegraph by land and sea. 

: The experiments have shewn the feasibility of the method for determining the longi- 
tude of any Indian station, by direct reference to the Greenwich meridian. It is alsoclear that 
it is necessary to fit an ‘impersonal micrometer’’ to transit instruments used for this work. 


(2) Investigation of atmospheric refraction. 


It was noticed in 1913 (vide Survey of India Professional Paper No. 14, chapter iv) 
that the diurnal change in refraction was in some cases very closely a linear function of the 
temperature. In two cases examined, the greater diurnal change occurred on the shorter ray. 
This was considered surprising and no explanation was forthcoming. In relation to this 
question, simultaneous observations of barometers at Mussoorie and Dehra were made at 
several hours of the day for 23 days. The difference of height of the two barometers was 
deduced by formula from these readings and was found to differ from the spirit-levelled 
difference of height by amounts which varied at the different hours as follows :-— 


Hour 8 10 12 14 16 


Barometric height minus Spirit-level 
: height in feet —65 | —19 |; +7) -—4{] —17 


In endeavouring (in 1921) to explain the diurnal change in refraction, an attempt 
was made to work out the relation between temperature variation of the air at various heights 
with that at ground level. It appears that the variation may be split up into two parts (1) 
conduction effect, (2) radiation effect. The first effect diminishes rapidly with height, and 
at 100 metres will not exceed 1 per cent of its value near the ground. The second effect, 
probably depending a good deal on the state of humidity, should be much the same at all heights 
dealt with. 
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As regards the refraction, the second effect has but little influence; for, the main 
determining factor is the gradient of temperature with height. The conduction effect is very 
much greater. Its effect is easily computed for a ray of light which soon passes out of the 
conduction region. If a is the angle of elevation of the ray and 67, is the portion of the 
variation of temperature from its maximum value which 1s due to conduction, the change in 
refraction resulting is given by applying zw sin d=,’ sin ¢’ at the ground level and at a height 
of (say) 100 metres. Then du o dp o dr and the refraction =A6ér, cot a where A is a physi- 
eal constant. It is found in cases dealt with that if 67, is taken equal to 4 67, where 67 is the 
defect of temperature near surface from maximum, the observed changes in refraction are 
closely explained. 


It appears that the radiation portion 57, of the temperature variation is of the form 


abt +6%, t being the time. In the barometric formule it is necessary to get the mean value 


of : =(- My Usual formule have put this equal to where 7,,7, are the temperatures 


T) T To 
observed at both ends. This value of (*) is not likely to be correct when there is a much 


larger variation of temperature near the surface than in the higher layers of air. In fact it 
is clear that much better results will be obtained if 67, is applied to the observed temperatures. 
The barometer results uphold this view and the observations at 8, 10,12 hours fall nearly on a 
straight line when plotted against temperature observed near the ground. Observations at 
14 and 16 hours fall distinctly to one side of this line. The explanation seems to Le in the 
term si ; in fact an empirical expression a 67 + 4’ a 
tabular quantities given above. ~This also leads to the partition of temperature variation into 
two parts almost in the proportion of 5: 1 due to conduction and radiation respectively. 
What has been said about condaction effect is primarily applicable to a station in a plain. 
On a hill top convection will cause a re-adjustment. On this account the diurnal variation 
of refraction from a hill station is less than it would be ata plateau station. Observation 
has shown this to be the case. 

According to this reasoning the following seems to be probable.— 

(1) The line representing temperature of air plotted against height is practically 
straight at about 14 hours right to within a few feet from ground. 


can be found which closely represents the 


(2) Atearher hours in the day, the general slope of this line is not much changed; 
but it is displaced as a whole to a smaller temperature and its termination near (say within 
100 metres of) the ground is now curved towards the dnection of lower temperature, the 
curvature increasing as the earth is approached. 

It now appears possible to represent the refraction of a ray which does not lie close to 


the ground, at any time in the form, 4c+/A (+.—7) cota in which c is the length of the 


ray in seconds of are, # is a factor depending on temperature and pressure of the air at the 
observing station, ais the angle of elevation of the ray, tis the temperature and 1, its 
maximum value, A is a constant and / is a factor so far found to be about &. 

The observations to determine the height of Mount Everest have been partially dealt 
with, using this formula and this has resulted in improved accordance in the height obtained 
by each observation. 


(3) Adjustment of Triangulation networks. 

The simultaneous adjustment of a network of triangulation to surrounding triang- 
ulation according to the general method of least squares involves the solution of such a great 
number of simultaneous linear equations as to be quite impracticable. To solve, say, 20 simulta- 
neous equations is a work which will occupy a computer the best part of a week; and when it is 
remembered that the labour increases as the cube of the number of equations it will be 
seen that to solve, say, 100 simultaneous equations will occupy some two years making no 
allowance for mistakes. Now, ina network the errors to all the angles enter the equations 
simultaneously, so that quite a small network would give rise to an enormous amount of 
labour. By a little generalisation the problem may be solved in a way which leads to results 
wholly consistent znéer se and departs but little from the adjustment which is most probable. 

First consider the case of a network of equilateral triangles all of the same size, with 
angles all equally carefully measured and so all having the same probable error. Consider 
next that the size of these triangles 1s small compared with the area dealt with. Both of these 
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modifications lead to a case not seriously different from the actual case; for, it is always the 
object of the triangulator to select triangles nearly equilateral. We are led then to 
the case of a uniform “plate” which has to be strained to fulfil certain given conditions 
of closure. 

If we take & and 7 to be the movement of any point parallel to axes Ox, Oy and 
introduce the condition that at any point the scale value and azimuth is changed by the same 


amount for all azimuths, the following equation must hold 


2 2 
tye wes see eee (1), where V is put equal to & or 7. 


Also oF 7 and 3 a aa ... (2). It also follows that the change is in azimuth 6A 
éz by by bz = 

and in scale value e¢ (t.e. new scale: old scale =1+ €:1), that SA and eare of form aE and eo 
These values are applicable toa point. To find the effect on a line they have to be integrated 
along that line, which is easily done. The problem is accordingly reduced to the solution of 
(1) subject to the given closing conditions. | 

The solution of (1) is of form SA,r" cos (n9+5,). By taking enough terms it is 
possible to satisfy any number of conditions: whereby suitable values of A, and 6, are obtained. 
It is to be noted here that the number of simultaneous linear equations for solution is equal 
to the number of conditions to be satisfied. 

A variety of solutions can be found: but it is clear that the most probable one is that 
which involves the smallest values of n and this solution is the actual most. probable solution 
of the hypothetical case. 


The solution is simple when there are only a few conditions to be satisfied—say the 
closure on a single side, which involves the solution of only four simultaneous equations. 

After the equations have been solved it is necessary to compute values of £,7, at 
sufficient numbers of points to draw contours of equal value; and this is the heaviest part of 
the work if large values of 2 occur. If this is done on tracing cloth, it can be superposed 
on the chart of triangulation and the correction at any point may be immediately read off. 


To visualise the process we introduce the idea of change of azimuth and scale at a potnt, 
and so imagine in actual triangulation that the rays joining the points become slightly eurved. 
If we imagine a “plate” of uniform strength with the triangulation marked out on it, then 
by straining the plate (within its elastic limits, and without buckling it) to fit the closures, 
all the triangulation on it would be deformed in the way described. It is clear from this that 
the actual case would be represented by the distortion of the plate of strength varying from 
point to point which enables us to estimate how far the solution departs from that actually 
most probable. The method has been devised primarily to deal with adjustment of minor 
triangulation. 

PRINTING SECTION. 

The following were printed in the course of the year:— 

Professional Papers Nos. 18 and 19 (print and reprint), Auxiliary Tables Parts I and 
II (reprint) and 19 tables of Part III (set up and partly printed), Catalogue of Library 
Books, Vol. XV ()919-20) of the Records of the Survey of India (set up), 51 Triangulation 
pamphlets, Levelling pamphlets—No. 5-4 (reprint) and No. 44 (addendum) and slips for Level- 
ling pamphlets 38, 39, 47, 53, 63, 78,79 and 83 with additional pages containing new 
work. 

In the Book-binding Section, the work dealt with comprised 800 copies of Triangula- 
tion pamphlets, 150 copies of Levelling pamphlets, 350 copies of Professional Paper No. 18, 
450 copies of Professional Paper No. 19 (including 100 copies reprint), 100 copies of Auxiliary 
Tables, Part I, 5th Edition (reprint), 250 copies of Catalogue of Library Books and 3,500 
copies of miscellaneous publications including angle books and Library books. 

The binding of 350 copies of the Records Volume XIV was also completed. 


‘W oRKSHOP. 


During the year the following work was done:— 

245 zine tablets and 200 wooden pegs were made for No, 17 Party and 1580 rollers for 
No. 2 Drawing Office and Forest Map Office. Repairs to 17 theodolites of the Sind-Sagar 
Party and No. 22 (Riverain) Party and to various instruments of No. 17 Party were carried out. 
One godown was constructed under the supervision of this section, also 82 doors and windows for 
the new godowns. Minor electrical installation was carried out in various sections, and other 
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miscellaneous work done including the construction of 313 packing cases and 50 chongas as 
well as racks, almirahs, stools, cabinets, ladders, tables, fire bucket stands ete. required by 


various offices. 
OBSERVATORIES. 


Setsmography and Meteorology:—(1) The Omori seismograph was in operation through- 
out the year and the usual daily meteorological observations were made. (2) The Photo- 
helio observatory continued its work as in past years. 

The following statements show the earthquakes recorded and the number of days on 
which solar photographs were taken :— 


1. Statement of earthquakes recorded during the year 1920-21. 


Time of beginning 


Distance of Epicentre. ° 
(corrected). 


REMARKS. 


Duration. 


No. Month and Date. 
Intensity &c. 


Debra. Simla 


| Simla 
Dehra. (from W.R.”) 


(from W.R,*) 


j 


hrs mts | hrs mts | m miles miles 

1 21-10-20 | 38 614 | 1862 | 72 4,000 | 4,000 Moderate. 
2 17-12-20 | 1743 | 17 30 | 192 1,000 1,500 Violent. 
3| 26-12-20 | 17 94] 17 9 | 48 | 1,000 | 1,500 Slight. 
4 17- 2-21 7584 | 757 | It 120 local “ 

5 Q1- 2-21 784 | 735 | 1b 150 300 ‘ 

6 28- 2-21 016 | O18 | 120 2,000 8,000 Moderate. 
7 $i.3201 (16 4.1 26 2) 38 | 1,400 1,000 < 

8 l- 4-2] 9 474 aa : 18 | 2,500 ad Great intensity. 
9 90- 5-2] 6 16 6 15 | 21 | 375 300 Moderate. 
10 26- 7-21 0 56 bi 3 100 sie Slight. 
I] 26- 7-21 2 50 2 47 | 4 | 300 1,000 2 

12 2. 9-21 | 17 46 | 17 47 | 2 | 80 local | . 


* W. R. indicates Daily Weather Report published at Simla. 


2. Statement showing the number of days on which solar photographs 
were tuken during the year 1920-21. 


8” Negutives. 12” Negatives. Peed oy | ls” Negatives, 12” Negatives. a il 
Mouth. peel —— which Month. psy 7 ——_ —~ which 
; : m | sun was ‘ ide sun was 
Good. | Bad. esa! Bad. | invisible. | Sen Bad. | Good. | Bad. | invisible. 
bai Pie | | Poaceae teed , Ye | 
October... | 31 | 57 Bib Sees vee | sis April ‘cz 4: 0 | 48 6 l ] 
November ... | 29 | 54 3 H 1 | i May Tr 28 38 | 8 | ‘ wea 3 
| 
| | 
‘ rs : ‘ | 
December ... 31 56 9 ; a au June _ 2% | 28 4 | 9 
January... | 28 45 | Ar deol Saed ‘ July ii ‘ : ) 
! 


| | | 
February... | ¢ rT August 


} } 
March ‘ici 31 | i ) a September... | 


Total 
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PART IIT.—SPECIAL REPORTS. 


HIGH CLIMBS IN THE HIMALAYA PRIOR TO THE EVEREST EXPEDITION. 
By Masor Kennetu Mason, M.C., R.E. 
(Reprinted by permission of the Proprietors of the “Proneer’’), 


At a time when the Alpine Club, Royal Geographical Society, and Survey of India are 
combining in an effort to reach the earth’s highest summit, it is interesting to review briefly 
the most prominent mountaineering achievements in the Himalaya. Witha northern barrier 
of stupendous ranges containing the highest peaks of the earth, it is not surprising that for 
more than eighty years, the mountaineering altitude record has lain in this borderland. It is 
not proposed to deal with ascents outside this region, nor with expeditions that do not involve 
high mountain climbs. It may however be mentioned that in other continents, Aconcagua 
alone attains an altitude of 23,000 feet, and its summit has been reached. 

The first recorded ascent to this altitude 1s typical of the lack of interest in alpine 
eraft, which has almost invariably been exhibited by the vast majority of Englishmen in 
India; and. incidentally, this climb is one of the very few records, the authority of which has 
never been assailed. About 1860, an Indian khalasi of the Great Trigonometrical Survey, 
carried a pole to and fixed it at the summit of Shilla in Spiti. The height was unknown till 
the observations were made and the results computed; no interest was then aroused, the man’s 
name was forgotten, and the record was buried in a large volume of figures. 

It was not till about 1906, nearly fifty years afterwards, that Dr. T. G. Longstaff, on 
a visit to India, interesting himself in the Survey records, discovered that the Shilla khalasi 
had held the world’s altitude record, 23,050 feet, for some years. 

During the surveys of Kangra, Kumaun, Kashmir and Ladakh from 1850 to 1863, 
no less than 37 ascents to over 20,000 feet, including 5 to above 21,000, were made by the 
Survey of India employés and have been proved by careful trigonometrical observations; 
if the plane-table fixings of the detailed survey are included, these numbers must be 
vastly increased. Of all of them, the most interesting which has led to much controversy, was 
the casual statement by Mr. W.H. Johnson in the report of his journey to Khotan in 1865, 
that he had climbed the mountain “E61”, whose height had previously been determined by 
triangulation to be 23,890 feet. Mr. Johnson himself laid no claim to an altitude record, 
probably because no one was particularly interested in such matters in thosedays. Nevertheless 
it is now practically certain that owing to the point being incorrectly plotted on his plane-table, 
it was not “E61” but either Zokputaran, Pk 2/614, (22,639) or Cholpanglik, Pk 8/52M, (23,309) 
that was climbed. In any case, either climb, coupled with his other achievements, entitles 
Johnson to a foremost place among the mountaineers of his day. 

In 1883, Mr. W.W. Graham, assisted by Swiss guides, made some notable ascents 
in Sikkim. He claimed to have reached a point within 50 feet of the summit of Kabru, 
Pk 16/78A, (24,002) and to have established a world’s altitude record. Though supported 
by Freshfield, doubt has often been thrown on the ascent, and the latest opinion among 
experts, including the president of the Alpine Club and Harold Raeburn, the leader of 
Everest’s mountaineering party, is that Graham was mistaken and that the peak he climbed 
was the lower “Forked Peak’’. 

There are no further records or claims to 23,000 feet until Dr. H. Workman reported 
that he reached a point estimated by him at 23,394 feet on a peak in the Chogo Lungma 
region in 1903. Later, in 1906, Mrs. Bullock Workman claimed to have reached the summit 
of “Pinnacle Peak’’, (Pk 6/52B) in the Nun Kun district. She contended that the height 
of the peak was 23,300 feet, and that the tnangulated survey height, 22,810, was inaccurate. 
The peak however has been refixed since then, and the old height has been found to be 
correct within a very few feet. Nevertheless this climb of Mrs. Bullock Workman is, it is 
believed, an altitude record for ladies. 

In 1905, Dr. T. G. Longstaff came to India and we get definite records that are un- 
challenged. In that year, with the assistance of the two Brocherels from Switzerland, he 
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attempted the ascent of Gurla Mandhata (Pk 7/62F), 25,355. Ofall climbs in the Himalaya, 
this one of Lonestaff stands out as the supreme exhibition of human endurance. From a 
camp at 20,000 feet, the party reached a height of about 23,000 feet on the western aréte of 
the mountain. At this point an avalanche swept them away to a glatier some 1,000 feet 
below; by keeping their wits they succeeded in extricating themselves from the snow and 
camped in the shelter of some rocks near the glacier. 

This they ascended the following day, and reached a point above 23,000 feet, 
where they were forced to spend their fourth night in a hole dug inthesnow. On the 
fifth day they made theiv final effort, and though Longstaff has never claimed to have 
reached 21,000 feet, most competent critics credit him with having reached this altitude. 

In 1907, Longstaff made another expedition to Garhwal, and with a Swiss guide and 
Gurkha orderly reached the summit of Tristl (Pk 117/53N), 23,360 feet. The climbing of 
nearly 6,000 feet in 103 hours, on the last day at this altitude, was the notable feature of 
this climb. 

During the same year two Norwegians, Rubensen and Monrad Aas, reached the sum- 
mit of Kabru, 24,002 (Pk 16/78 A). For twelve days they struggled through ice and snow 
at altitudes over 20,000 feet, a single icefall, 1,500 feet in height, taking them five days to 
negotiate. 

The present height record* was attained by the Duke of the Abruzzi in 1909. 
After setting out with the object of climbing K?, the second highest mountain in the 
world, and after reconnoitring all sides of it in vain for practicable routes to its summit, 
he decided to attack “ Bride Peak” (Pk 25/52A), on the south side of the Baltoro 
glacier. Nine days were spent over 20,000 feet, and a final altitude of 24,583 (from 
hypsometrie readings) was reached. The party was eventually stopped by foul weather 
and the summit which had been fixed by the Survey of India at 25,510 was not attained. 

Mr. C.F. Meade’s expeditions in 1910, 1912 and 1913, with a Swiss guide, are parti- 
cularly interesting, for they illustrate the results that may be obtained by perseverance in the 
attempt to conquer a particular peak. Meade selected Kamet, (Pk 49/53N), the heicht of 
which was known to be 25,447 feet. In his last expedition he reached a saddle to its north, 
pitched his camp there and ascended about 100 feet higher. The height of this camp, esti- 
mated by him at 23.000 feet, has since been fixed by the Survey of India as 23,500, and is the 
record altitude* at which human bemes have passed a night. The actual height reached was 
about 23,600, but the party was forced back by exhaustion, powdery snow and a powerful sun. 

Lieut. Slingsby about the same time, reached a point about 23,350 on the other side of 
Kamet, and Dr. Kellas and Major Morshead last year (1020) followed Meade’s route and 
reached his camping vround on the Kamet saddle, where however their coolies refused to take 
their camp. Among other climbs of Dr. Kellas, may be mentioned that on Pauhunri in 
Sikkim, 20,186. | 

The listabove embraces all the reeorded climbs over 23,000 feet in the Himalaya, 
and nothing has been said of the many lesser climbs which have been made and _ recorded 
in the annals of the Alpine Club. References to these are often extremely serappy and difficult 
to follow, for maps in India have not been made witha view to assist in the identification of 
minor peaks, the vast majority of which are unnamed and unnumbered. Allusions to “ Broad 
Peaks”, “ Pointed Peaks”, “Snowy Peaks”, &e., make the task of investigation an impos- 
sible one, as such names are not entered on onr maps. Nevertheless there are undoubtedly 
many ascents of the highest climbing order that have been made in this country by members of 
the Alpine Club. 

This short summary would be incomplete and misleading, unless mentions were made of a 
few failures. Everest, first and foremost, has never been attempted. But K2 and Kinchinjunga, 
the next on the list of high peaks, have both been visited. Several expeditions under competent 
leadership have visited them, and the conclusion has been reached that neither presents a feasible 
route sufficiently easy to negotiate at that high altitude. 

Glaciers and mountains have claimed their victims in the Himalaya as in other parts of 
the world; but with the exception of an insignificant number of accidents due to hidden crevas- 
ses, Which are always avoidable with proper precautions, and the fatal but unforeseen avalanche 
on Nanga Parbat, resulting in the death of Mummery, the remaining fatalities have befallen 
sportsmen gencrally m search of game. These have either not realized the risks or taken no 
precautions. In the Himalaya, as in the Alps, far more accidents are caused by ignorance of 
the art among amateurs than by acts of God. 


* These records have since been beaten by the Everest + xpedition 1922, 
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REPORT ON THE OPERATIONS OF THE MT. EVEREST SURVEY 
DETACHMENT, 1921. 


J.—NarraTIvE Report. 
By Masor H. T. MorsnEap, D.S. O., R. E. 


Towards the end of December 1920, news was received that Mr. C. A. Bell, C. M. G., 

C. I. E., I. C. S., then in Lhasa on a special mission, had succeeded in 

Introduction. obtaining the consent of the Tibetan Government to the despatch of an 

Expedition to Mount Everest. Preparations were at once put in hand in 

England by a joint committee of the Alpine Club and the Roval Geographical Society, and an 

expedition was organised under the leadership of Lt.-Col. C. K. Howard Bury, D. 5S. O., an 

officer who had only recently returned from India, whither he had gone at his own expense, 
with the object of investigating the possibilities of such a scheme. 

The other members, selected by the Mt. Everest Committee to form the expedition, 
were :— 

H. Raeburn, Esq. Y Mountaineering 

Dr. A. M. Kellas, D. Se., Ph. D. 5 Iixperts. 

G. L. Mallory, Esq. ; 

G. H. Bullock, Beg. } Cimibers: 

Dr. A. F. R. Wollaston, D. S. C., M. A., M. B., Surgeon and Naturalist. 

In addition, the Indian Government agreed to the deputation of a small survey detach- 
ment, and of an oflicer of the Geological Survey (Dr. A. M. Heron, D. Se., M. A.). The 
expedition, with a large supply of stores and equipment, assembled in Darjeeling early in May. 

The composition of the Survey Detachment selected to accompany the expedition 1s 
given below:— 

Class I Officers. 

Major H. T. Morshead, D.S.O., R. E., in charge. 
Bt.-Major E. O. Wheeler, M. C., R. E. 
Unner Subordinate Service. 

Mr. Lalbir Singh. 
Lower Subordinate Service. 
Ist Class Surveyor Gujjar Singh. 
Inter ,, 53 Torabaz Khan. 
3rd Division Photographer Abdul Jalil. 
Menral Establishment. 
16 Khalasis, ete. 

The detachment was placed under the administrative control of the Superintendent of 
the Trigonometrical Survey. 

The tasks allotted to the detachment were :— 

(1) A general survey of the whole unmapped area covered by the expedition, on the 
scale of 4 miles = 1 inch. 

(2) A detailed survey of the immediate environs of Mt. Everest on the scale of 1 
inch to 1 mile. 

(3) <A complete revision of the existing g-inch map of Sikkim (sheet 7S A). 

The survey operations were to be confined as far as possible to the beaten track follow- 
ed by the expedition. In deference to Tibetan susceptibilities, the survey operations were to 
be confined as far as possible to the beaten track followed by the expedition. Col. Bury’s plans 
contemplated an outward northerly journey ez7é Shekar and Tineri to the western flank of Mt. 
Everest, whence the reconnaissance of the mountain was to be carried out from west to east, 
parallel to the northern frontier of Nepal. This rendered feasible the mapping of the whole 
unknown area between the southern watershed of the Tsangpo river (the so-called Ladakh 
Range) on the north, and the main Himalaya Range (the Nepal-Tibet frontier) on the south, 
as far west as Lone. 85° 30’. 

For the purpose of the detailed survey, it was arranged that Major Wheeler should 
make a thorough test of the Canadian pattern of photo-survey apparatus, of which he had had 
previous experience in Canada. This method of survey is specially adapted for use in high 
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mountain regions. Fortunately, the experimental outfit, which had recently been ordered from 
England, was delivered just in time to accompany the expedition. Major Wheeler’s report on 
his season’s work will be found on page 117. 

With a view to carrying out the revision survey of Sikkim while awaiting the arrival 
of the members of the expedition from England, the Survey detachment was authorised to 
assemble at Darjeeling early in April—six weeks before the date fixed for the start of the ex- 
pedition. The surveyors were provided with special “combined ” blue-prints of the latest 
(1921) edition of the map; these were pinned to the plane-tables on the top of sheets previous- 
ly mounted and prepared for use in the Mt. Everest area, so that at any moment when requir- 
ed to advance each surveyor had merely to strip the top sheet of paper from his board. 

After completing the necessary arrangements with Col. Bury, I left Darjeeling on 13th 

May, intending to join the remainder of the expedition at Kampa Dzong, 
Narrative Report. after inspecting the work of the three surveyors in Sikkim. Continuous 
rain however, rendered the latter task impossible; the road was moreover 

blocked in several places by severe landslips, so that I only reached Kampa Dzong on 28th. 

The remainder of the expedition, which had left Darjeeling in two parties on 18th and 
19th May, had been delayed in the Chumbi Valley owing to the breakdown of the 100 trans- 
port mules lent by the Quarter Master General’s department, and did not arrive at Kampa 
Dzong until 5th June. While awaiting their arrival, I filled in the time by occupying and re- 
observing from Colonel Ryder’s old triangulation stations of 1903, overlooking the Kampa 
plain. The arrival of the expedition at Kampa was saddened by the death of Dr. Kellas from 
heart failure consequent on severe gastritis. He had been unwell almost from the start, but 
with characteristic determination had refused to give in or to turn back. He was buried the 
following day on aspur near the dzong, in sight of the three great peaks of Chomiomo, 
Kangchenjau and Pauhumri, which he alone had climbed. Mr. Raeburn, who was also unwell, 
was at this point compelled to return temporarily to Sikkim, under Dr. Wollaston’s care. The 
Sikkim revision-survey having been so much delayed by bad weather, 1 decided to take only 
two of the surveyors with the expedition into Tibet, leaving surveyor Torabaz Khan to com- 
plete the comparatively dry areas of northern Sikkim before the arrival of the monsoon. This 
he succeeded in doing at the cost of considerable personal discomfort, returning to Darjeeling 
in July. 

Resuming our march on 8th June, Tengkye Dzong was reached in two stages. Here 
a day’s halt was necessary while fresh transport was being collected. Up to this point, I had 
managed to carry on a rapid triangulation while keeping pace with the remainder of the expe- 
dition. I realised, however, that with daily marches averaging 15 to 20 miles this would no 
longer be possible, and that it was necessary to decide at once whether to delay the surveyors 
sufficiently long to enable a triangulation to be carried forward, or, alternatively, to allow 
them to keep pace with the expedition while merely utilzing the previously existing triang- 
ulated points, of which a fair number were visible. In view of the obvious signs of a 
rapidly approaching monsoon, I decided in favour of the latter alternative. 

From Tengkye we marched in 6 stages to the next dzong, Shekar—crossing the broad 
sandy bed of the Shiling river a mile above its junction with the Phung Chu. Owing to 
the prevalence of rinderpest in the Phung Valley, the transport yaks and bullocks provided 
by the dzongpen of Tengkye had to be replaced by donkeys for the two last marches before 
reaching Shekar. 

The Phung river is remarkable for the amount of mud which it carries in suspension: 
below Shekar it flows through a wide, open valley with occasional stretches of fertile marsh- 
land, and scattered clumps of a stunted species of sa/zx resembling sea-buckthorn, known 
in Tibetan as “lamdse.” Flowering clematis everywhere abounds, and a sweet-smelling 
valerian or candytuft—the latter is said by the Tibetans to be very poisonous, and is care- 
fully avoided by cattle. 

The town of Shekar is situated five miles north of the Phung Chu, on the edge of a 
level plain containing numerous irrigated fertile barley-fields, with scattered hamlets and 
gémpas. The large monastery of Shekar Chote 1s finely situated on a commanding hill 
behind the town to which it gives its name—Shekar being an abbreviation of ‘‘ Shel Karpo ” 
(white glass), in allusion to the numerous windows and conspicuous whitewashed walls of the 
monastery, which glisten in the morning sun. At Shekar, transport requirements once 
more necessitated a day’s halt, on 17th June; thie we utilised in visiting in turn the dzong 
and monastery, where we were hospitably received. A sharp shower of rain fell in the 
evening, a forerunner of the coming monsoon. 
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Resuming our journey up the Phung Valley, Tingri was reached in two long marches 
on 19th June. Tingri possesses no dzong, its affairs being managed by a zyerpa or steward, 
subordinate to the dzongpen of Shekar. It is also the peace-time headquarters of a Tibetan 
genéral; the present incumbent was however absent on active service in Kham, and his 
duties, which mainly consist of safeguarding the annual tribute paid to the Nepal Darbar, 
were being carried on by a civilian agent and a couple of soldiers. This tribute, amounting 
to 60 dotse (Rs. 5,000) annually, has been paid by Tibet every November since the last 
Gurkha invasion in 1854, when the Gurkha forces reached almost to Shigatse. 

The village of Tingri or Gaugkar (white spur) is built on the slopes of a low 
isolated hill in the middle of an extensive alluvial plain. The hill is crowned by the remains 
of a Chinese fort, now abandoned; just below is the erstwhile residence of the Chinese 
commandant—a building now used as a “ circuit-house” for Tibetan officials when on tour. 
This was destined to be the headquarters of the expedition for the next six weeks, and formed 
@ convenient centre for various scientific excursions into the surrounding districts; a dark- 
room was installed in which Abdul Jalil was kept busily employed in developing the photo. 
graphs taken by the several members of the expedition. 

After a few busy days spent in sorting and arranging kit, Col. Bury accompanied by 
Dr. Heron, started on a hasty reconnaissance of the tracts of country known as Pharuk and 
Kharta, lying to the north and east of Mt. Everest, with the object of settling on a suitable 
site for the next headquarters when a further move should become necessary. Bullock and 
Mallory set off to examine the north-west approaches of Mt. Everest, and to train the coolies 
in ice, snow and rock teehmique. Major Wheeler commenced lis photo-survey in the neie@hbour- 
hood of Kvetrak, two marches to the south. Leaving Lalbir Singh at headquarters to com- 
plete and ink-up his plane-table, I started with Gujjar Singh to explore the western tributaries 
of the Phung Chu. The first day’s march led us past the hot spring at Tsamda into the broad 
Sutso plain. ‘Turning westwards at Gutso, two more marches brought us to Menkhapto. 
Eight miles beyond this village, the road crosses a high spur known as the Lungchen La, 
from which a good view is obtained over the whole Pekhu plain, which extends 0 miles to 
the west. This plain is almost uninhabited, and its features can be sketched from a couple of 
fixings on either side of the Lungchen Pass. Bad weather had now set in, and the snowy ranve 
forming the western boundary of the plain was hidden in cloud. I therefore left Gujjar Singh 
camped on the pass to await a favourable opportunity for completing the survey of this area, 
and myself returned to Tingri at the end of June, rejoining Dr. Wollaston who had been 
detained by an outbreak of enteric fever ainong the expedition servants. 

The next few days were spent in examining Lalbir Singh’s work, and correcting his list 
of village-names with the assistance of the local Tibetan officials, after which he departed on 
a lenythy progiamme of work in Pharuk and hKharta. It was three months before I saw 
him again. 

About this time, a messenger arrived from the dzongpen of Nyenam, inviting us to 
visit his distriet which lay four marches to the south-west, in the valley of the P6é Chu, or 
Bhotia Kosi river. Although Nyenam was not one of the districts specifically mentioned in 
our passport, we decided, with the coneurrence of Col. Bury who had meantime returned to 
headquarters, to avail ourselves of the opportunity of visiting this little-known area. Leaving 
Tingri on 13th July, Wollaston and myself, with surveyor Gujjar Singh and_ interpreter 
Gyaldzan Kazi, camped that night at Lungkor, a small village at the western edge of the 
Tingri plain. There is here an interesting temple, said to be over 1,000 years old, containing 
a stone which is alleged to have been thrown over the Himalaya Range from India and to 
have pitched on the Tingri plain, whose name ts derived from the noise ( “ting’’) made by the 
falling stone. The stone is carefully preserved inside a wooden box which is opened with much 
ceremony on the first day of the Tibetan new year. 

Crossing the Thung La (17,980 ft.) in a driving snowstorm, a long march of 22 miles 
brought us next day to the village of Tulung in the valley of the Pé Chu. Two days later 
we reached Nyenam (12 ,500 ft.), a large and very insanitary village which is known under 
the name of Kuti by the Nepalese who constitute the majority of its inhabitants. ‘These 
Nepalese traders (Newars) have their own Hindu fomple in the village ; there is also a Nepalese . 
chauki with a hakim (magistrate) having summary powers of jurisdiction over Nepalese subjects. 
He is specially charged with the settlement of trade disputes, and the encouragement of 
Tibeto- Nepalese trade and commerce. 

As is customary in all important districts of Tibet, there are here two dzongpens who, 
by a polite fiction, are known as “eastern” and “western” (dzonyshar and dzongnup) respective- 
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ly. Actually, the functions of the two dzongpens are identical—the ratson d’étre of the 
double régtme being an attempt to protect the peasants from extortion by the device of 
providing two administrators who, in theory at least, act as a check upon each other’e 
peculations. At the time of our arrival, these two worthies were so busy preparing a picnic 
that we had considerable difficulty in getting their attention. 

: I spent three days in exploring the neighbourhood of Nyenam, while Wollaston was. 
engaged in his botanical and zoological pursuits. Gujjar Singh with the plane-table being 
detained by bad weather higher up the valley, I was reduced to rough route-traverses by 
prismatic compass for this portion of the map. Below Nyenam the river enters a very narrow 
gorge, while pines and other forest trees begin to appear ; the road, which here becomes im- 
passable for animals, crosses the river four times in eight miles before reaching the village of 
Choksum, but I could find no trace of the portion described by explorer Hari Ram in 187] as 
consisting of slabs of stone 9 to 18 inches wide supported on iron pegs let into the vertical 
face of the rock at a height of 1,500 ft. above the river. At Choksum (10,500 ft.) the river 
falls at the average rate of 500 ft. per mile. The Nepal frontier is crossed near Dram village 
some 10 miles below Choksum, but owing to the vile state of the weather, which rendered 
even the roughest attempts at surveying impossible, I abandoned my idea of reaching the spot. 

On 20th July we returned 9 miles up the valley to Trashigang, where we found 
Dr. Heron encamped, together with Gujjar Singh whose work had been hung up for a week by 
continued cloud and rainfall. Heron went northward next day, while we followed a rough 
easterly track leading over the Lapche Range to the village of the same name in the valley of 
the Kang Chu. The weather on this day was atrocious and our last pretence of plane-tabling 
from fixed points broke down, leaving no alternative but a rough traverse by ‘‘time and compass’’ 
until we joined up with our earlier work at Kyetrak ten days later. We were unable to reach 
the village by dusk, and spent a somewhat miserable night camping on boulders in drenching 
rain at 14,600 ft. with no fuel except a few green twigs of dwarf rhododendron. 

Lapche (La-rinpoche =“precious hill’) 1s sacred as the home and birth-place of jetstin 
Mila Repa, a wandering lama and saint who lived in southern Tibet in the eleventh century, 
and whose collections of songs and parables are still among the most popular books in the 
country. His hermit-cell still remains under a rock on the hillside, and his memory is 
preserved by an ancient temple, the resort of numerous pilgrims, alongside which we pitched 
our tents. 

The extreme dampness of the Lapche climate is indicated by the trailing streamers of 
lichen which festoon the trees, and by the pent roofs of the buildings. The village only con- 
tains some eight or ten houses, of which half are occupied by Tibetans and half by Nepalese 
subjects (Sharpas), each community having its own headman. The inhabitants were very 
friendly and pleasant, and gave us much interesting information. The village is deserted 
during the winter months, when the whole population migrates across the border into Nepal. 
The Tibetans pay no taxes to Nepal during their half-yearly sojourn in the lower valley, while 
conversely the Nepalese during their summer residence in Lapche are not subject to Tibetan 
taxation or to the imposition of “a/ay” (forced labour, or “beyar”’). Katmandu can be reached 
from Lapche in eiyht marches, but the track is bad and very little trade passes this way. 
Gujjar Singh utilised a day’s halt in running a traverse down the valley as far as the Nepal 
frontier. 

From Lapche we proceeded to the Rongshar Valley, crossing the Kangchen and 
Kangchung passes. Descending the hill to Trintang village where we camped, the clouds 
lifted momentarily, disclosing an amazing view of the superb peak of Gauri Sankar towering 
magnificently above us just across the valley. This mountain, which the Tibetans call Chomo 
Tshering or Trashi Tshering, is the westernmost of five very sacred peaks known collectively 
as Tshering Tsenga (“Tsering five-peaks”). Unfortunately, owing to constant clouds, I was 
unable to identify with certainty the remaining four peaks of Thingki Shalzang, Miyo Lobzang, 
Chopen Drinzang and Tekar Drozang. Owing tothe sacred nature of the Rongshar Valley, 
the slaughtering of animals is forbidden, and the large flocks and herds of the villagers are only 
kept for sale in Tingri and Nepal. We were only able to buy asheep on promising not to kill 
_ it until after quitting the valley. : 

Trintang village occupies a plateau 1,750 ft. above the level of the Rongshar river; 
1,400 ft. below is the village of Tropde, to which the Trintang residents all descend in winter. 
Rongshar Dzong, which is situated in the lower village, has no importance; at the time of our 
visit the dzongpen had gone on a holiday, leaving his affairs in the hands of a steward. A day’s 
halt being necessary in order to collect transport, I took the opportunity of descending the 
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Rongshar Valley as far as the Nepa !frontier, while Gujjar Singh endeavoured, without much 
success, to pick up the threads of his survey by identifying the snow peaks which occasionally 
afforded us brief glimpses through rifts in the clouds. The Rongshar Chu falls 1,400 ft. in the 
seven miles between Tropde and the Nepal frontier, which it crosses at an altitude of roughly 
9,000 ft. 

On 27th July we marched 20 miles up the Rongshar Valley to the village of Tasam 
(Takpa-santsam =‘ limit of birch-trees”) which, as its name implies, is situated at the 
extreme upper limit of the forest zone. On the way we passed the village and monastery 
of Chuphar, whence a track leads southwards over the difficult snow-pass of Menlung (‘valley 
of medicinal herbs’’) to the villages of Rowaling and Tangpa in the Kangphu Valley of 
Nepal. The headman of Tasam was too drunk, on the evening of our arrival, to send out 
the necessary messages summoning yaks from the grazing grounds. In consequence, our 
bagguge next day only got started at 11 a.m., and we were compelled to pitch our tents at 
a grazing camp after. covering only nine miles. The weather showed signs of improvement 
in proportion as we receded from the Himalayan gorges, but dense banks of cloud still 
obscured all the hill-tops. An easy march over the Phiise La brought us on 29th, to the 
bleak village of Kvetrak at the extreme southern edge of the Tingri plain, an area which 
had already been surveved from Tingri. 

Four days later we rejoined the expedition headquarters which Col. Bury had just 
transferred to Kharta, in the lower valley of the Phung Chu. Kharta is a scattered district, 
administered by a steward who is directly under the Lhasa government and independent of 
the Shekar dzongpen. ‘The valleys are dotted with picturesque hamlets and scattered farm- 
steads surrounded by irrigated fields of barley, mustard and dwarf pea. * Numerous tall 
poplar trees give a distinctive and unusual appearance to the landscape, and form the nesting- 
places of countless magpies. 

The weather during the whole of August rendered out-of-door work almost impossible. 
Gujjar Singh was occupied during the month in adjusting his traverse, while I endeavoured 
to fill in the time by making progress-traces of all work so far completed. I also spent ten 
days with the mountaineers, Mallory and Bullock, on a reconnaissance at the head of the 
Kharta Valley, when the route was deeiled on for the season’s final high climb, after the 
monsoon should have abated. 

Major Wheeler returned to headquarters on 27th August, having had a very rough 
and unpleasant time in the Rongbuk Valley, almost due north of Mt. Everést. It is 
difficult for those who have not actually had the experience, to conceive the degree of mental 
and physical discomfort which results from prolonged camping during the monsoon at heights 
of 19,000 ft. or more, waiting for the fine day which never comes. Such had been Wheeler’s 
fate ever since leaving Tingri three months previously. 

On Ist September we were surprised by the unexpected return of Mr. Raeburn, who 
had completely recovered from his indisposition, and who brought with him a welcome gift 
of apples and corn-cobs from the kind-hearted ladies of the Scandinavian Mission at Lachen. 

As the weather now showed slight signs of improvement, it was decided to move to 
an advanced base-camp 20 miles up the Kharta Valley at a spot known as Khartaphu 
(17,500: ft.), whence further preparations could be put in hand for the final high climb. 
Mallory and Bullock had already left on 31st. August, and were followed on Sth September 
by Col. Bury, Raeburn and Wollaston. After starting Gujjar Singh on an area of 1l-inch 
plane-tabling north of the Kharta Chu, I joined Wheeler during his photographie survey 

of the Kharta Valley; the weather, as usual, greatly delayed his work, so that we only 
reached Khartaphu on 12th. Here there was yet another week of tedious waiting before 
the weather improved sufficiently to warrant a further move to No. 1 advanced camp, where 
fuel, stores and mountain tents had already been dumped in advance. The camp was pitched 
at 20,000 ft. onastony ledge overlooking the Kharta glacier 500 ft. below. From here, 
a further consignment of tents and stores was carried to the site of No. 2 advanced camp, 
on the summit of the col (22,200 ft.) at the head of the Kharta clacier. 


After resting the coolies for a day, we all moved up to No. 2 advanced camp on 
22nd September. The track led over the Kharta glacier, the surface of which was in good 
condition, so that the last coolie had arrived by 1i a.m. The wind on the summit of the 
col was terrific, but unfortunately no other sufficiently level stretch of snow was available on 
which to pitch the tents. We named the spot Hlakpa La (“ windy-gap”’). Wheeler’s camera 
and theodolite station on the col is probably the highest station of observation which has 
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ever been made. Eis instrument was supported by ration-bags of tsampa (parched barley 
flour) on the snow. The night temperature fell to zero F. 

One or tivo of the coolies collapsed with mountain-sickness after reaching the col; but 
apart from this, few of us suffered any worse effects from the height than a general feeling 
of lassitude, and considerable insomnia at night. Our party, consisting of 6 Europeans and 18 
coolies, was, however, obviously too large and unwieldy for work at high altitudes. It was 
therefore decided that only the three experts,— Mallory, Bullock and Wheeler—with 10 eoolies 
and three days’ supplies, should go forward to the third advanced camp; the remainder of 
the party descended again on 23rd September to No. 1 camp to await their return. The 
mountaineers returned to No. 1 camp two days later, having reached a height of approx- 
imately 23,000 feet on the col due north of Mt. Everest, from which point they were com- 
pelled to turn back by the terrific gales of wind, whieh lifted dense clouds of snow into the 
air and threatened them with suffocation. 

The following day, Bury, Wollaston and Wheeler departed southwards for a five-days’ 
tour of the upper Karma Valley, while the remainder of the party returned by easy stages to 
Kharta, bringing all the tents and equipment. 

The return journey to Darjeeling was made by the various members of the expedition 
in several different detachments. Accompanied by Gujjar-Singh, I left Kharta on 2nd October 
and ascended the Phung Valley for three marches, rejoining the outward route of the expedition 
at Shiling. From Gyangkar Nangpa I despatched Gujjar Singh to complete the remaining 
portions of the Sikkim revision; at the same spot I picked up Lalbir Singh, who, after 
completing the Pharuk and Kharta areas, had crossed the Phung Chu below Lungtié and 
worked his way back via Tashirak and Sar. Travelling va Kampa and the Lachen Vallev, 
we reached Darjeeling on 16th October. By 25th October the whole expedition had returned 
except Gujjar Singh, whose work in Sikkim detained him until early December. 


Fair-traces of the whole original 34-inch survey had been kept up as far as possible 
during the expedition; these were completed in Darjeeling and despatched tothe Photo.- 
Litho. Office for vandyking, so that a preliminary map printed in six colours was available 
before the last members of the expedition had sailed from Bombay. 


The earliest recorded European travellers in the area, are the German Jesuit Johannes 
Grueber and his Belgian companion Albert de Dorville in 1661-62. 

Previous ‘Iraveliers. Grueber, who occupied the position of mathematician to the Court of 
Peking, received a summons to Rome early in 1661. The sea-route 

being closed owing to war with Holland, Grueber was instructed to discover a route 
to Europe overland. Travelling by way of Sining Fu and Lhasa, he thence proceeded 
south-west to Katmandu and India via Kuti (Nyenam) and the valley of the Bhotia Kosi 
river,—finally reaching Italy through Makran, Persia and Asia Minor. Grueber made 
sketches of his route, and also carried an astrolabe with which he took occasional observations 


for latitude. His results exhibit a general mean error of about half a degree. 


During the first half of the eighteenth century there appears to have been frequent 
traffie across the Himalayan passes between the Capuchin mission then existing at Katmandu 
and the various branch establishments in southern Tibet. The only journey, however, of 
which a record exists is that of Cassiano Beligatti de Macerata, one of a party of ten Capuchin 
brethren returning from Europe to re-establish the mission at Lhasa. Leaving Patna in 
December 1739, the party remained at Katmandu (then only a provincial town) until after the 
rainy season of 1740. Their route led through Kati and the Tingri plain to Sakya and 
Gyantse ; Beligatti’s description of the country and people might well have been written today. 


It was while the Capuchin missions were still in existence, between the years 1723 and 
1736, that the adventurous Dutchman Samuel Van de Putte visited Tibet in the course of his 
remarkable 20-years tour from Aleppo to Peking. He appears to have been an excellent 
Tibetan scholar as well asa skilled and competent observer, but on his death (in Batavia on his 
way home in 1745) his papers were all burnt under the terms of his will. His sketch map of 
southern Tibet, which is however still extant, gives the positions of Kuti, Tingr and the 
Phung Chu. 

From the final closing of the missions in 1745, there is no further record of travel in this 
portion of southern Tibet until the period of the Survey of India trained native explorers, a 
century and a quarter later. Explorer “m.H.” (Hari Ram) in the course of his first journey 
in 1871-72 entered Tibet »7@ Walung, Tashirak and the Nye La, whence he proceeded over 
the Tengkye Pass to Shigatse. Turning westwards from here, he followed the Chiblung 
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stream to its junction at Shiling with the Phung Chu, which latter valley he ascended as far 
as Tingri. Crossing the Thung La he returned to India by way of Nyenam (Kaiti) and 
Katmandu. 

On his second journey in 1889, accompanied by his son, “m.H.” again visited Tingri— 
travelling on this occasion uvza Nepal, the Nangpa (or Kangphu) Pass and Kvetrak. From 
Tingri he ascended the upper valley of the Phung Chu, thence continuing past the Pekhii 
(Palgu) lake and plain to Dzongka and Kirang. His work is very accurate and reliable. 

Another explorer, “G.S.S.”’, in 1886 ascended the Arun valley as far as Kharta district, 
the whole of which he places 15 miles too far to the north. His work was regarded with 
suspicion at the time, and his report was not thought sufficiently reliable for publication. 

Babu Sarat Chandra Dass and his companion, lama Ugyen Gyatsho, on their second 
expedition in 1882, entered Tibet ria Tashirak, the Langphu La and Sar. They traversed the 
Chiblung Valley twice during the course of their journey, but undertook no surveying. 

The first rigorous survey, based on triangulated points, undertaken in this area, was that 
sarried out under Capt. Ryder, R.Jd. (now Colonel C.H.D. Ryder, C.B., C.I.E., D.S.O., Surveyor 
General of India) during the Tibet Mission of 1903-04. During the stay of the Mission at 
Kampa, the }-inch survey was carried as far west as longitude 88° approximately. On the 
return-march up the Tsangpo Valley, accurate 4-inch surveys were extended as far as the 
southern watershed of the great river, in latitude 29° approximately (the so-called Ladakh 
Range). 

There thus remained a stretch of unsurveyed country, some 65 miles wide by 225 miles 
long, between the Lacikh and the Great: Himalaya Ranges—the latter forming the northern 
frontier of Nepal. The Mt. Everest Expedition provided an opportunity of surveying the 
whole of this area,—with the exception of some 2,000 square miles at the extreme western end, 
comprising the districts of Kirang and Dzongka, into which, in view of restrictions imposed 
by the Foreign Department, I did not feel justified in penetrating. 

The northern portion of the area, which we passed on the outward journey, consists 
essentially of flat alluvial plains and wide valleys 13,000 to 15,000 
ft. in altitude, bounded by bare rolling hills of Jurassic shale and 
sandstone, rising to 18,000 and 19,000 ft. Occasional granite peaks 
of 21,000 ft. outerop along the axes of the Ladakh Range and of the meridional range of 
Nyonno Ri (““madman’s hill’) on the eastern bank of the Phung Chu. The permanent snow- 
line is about 20,000 ft. As one goes southward the valleys become narrower; the sandstones 
are metamorphosed into quartzite, and crystalline schists become more and more common. 
Finally, for a zone of perhaps 30 miles in width in the central belt of the Great Himalaya 
Range, the rocks consist entirely of crystalline granite, gneiss and_ schist. 

A short description of the Nepal-Tibet frontier may be of interest. Commencing from 
the western edge of the map, the frontier is represented by the sharp range of peaks running 
south-eastwards from Gosainthan. Crossing the Pé Chu (Bhotia Kosi) above the village of 
Chenegang (some 20 miles below Nyenam), where a Nepalese guard is stationed, it maintains 
a general easterly direction, crossing the Kang and Rongshar rivers a few miles above their 
junction. Thence, passing through the summit of Gauri Sankar, it runs in a north-easterly 
direction to the Nangpa (Kangphu) Pass. From here, after following the chain of high 
snow-peaks known as Cho Oyu and Gyachung Kang, it turns south-eastwards along the 
Mt. Everest-Makalu ridge, past the Popte La, where a masonry pillar indicates the frontier. 
Crossing the Phung Chu (Arun river) two miles below Kyimatang, at a height of roughly 
7,500 ft., 1 follows a spur leadinz north-east wards past Ritak (where a masonry pillar again 
marks the frontier) to the Rakha La (16,250 ft.), whence it turns sharply south, following 
the main range to tne Tipta La (17,400 ft.). After running eastwards for 7 miles, it again 
turns north-east for 16 miles to the snow peak of Langphu (21,500 ft.), whence it proceeds 
due east to the trijunction of Tibet, Nepal and Sikkim at the Jonsong Peak (24,350 ft.). 

The place-names occurring on the map have in nearly every instance been spelled in 
the vernacular by local officials, whom I found very ready to assist in 
the matter. In the case of rivers which rise in Tibet, such as the Po 
Chu (Bhotia Kosi) and Phung Chu (Arun), the Tibetan name has been 
used for the portion north of the frontier. In the case of the latter river, I have adopted the 
name ‘‘ Phung Chu” in preference to that of “Yaru Tsangpo” by which the lower portion of 
its Tibetan course has sometimes been shown on old maps. The former name is used by 9 
out of every 10 Tibetans; in fact I only once heard the name ‘Yaru Tsangpo”’ used, and 
then it was applied merely to the Kampa branch of the river, by the villagers of Rongkong. 
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Actually, “Yaru”’ is an adjectival form of the word Yaréa (summer), and is applicable to any 
river which overflows its banks during the summer months. If “Yaru”’ is to be accepted as 
the proper-name for any individual river, it would appear preferable to reserve it for the hig 
Tsangpo (Brahmaputra) river of Tibet, as was done by Hooker and the earlier writers. 

In the case of snow peaks on the main Himalaya Range, both the Tibetan and the 
Nepalese names have in most instances been given. The local Tibetan name for Mt. Everest, 
“Chomo Longma”’, is an abbreviation for ‘“Chomo Lo-Zangma” (*liberal-minded fairy’’). 
We were unsuccessful in obtaining any corroboration of the name ‘‘Makalu”’, either from 
Tibetan or Nepalese sources; the mountain is known locally in Tibet as Chomo Lontso or 
Cho Léndo.* 

In regard to special equipment, little need be said. Khalasis were of course clothed 
on the “‘arctic” scale. For levelling tent-sites etc., each squad was equipped with an infant- 
ry-pattern entrenching tool obtained from the Quartermaster’s Store at Jalapahar. Special 
tents were made to my design by the Muir Mills Co., Ltd., of Cawnpore, as follows :— 

For officers and surveyors—5 single-fly tents of green rot-proof canvas 6 feet x 6 feet, 
walls 2 ft. high, with floor of the same material sewn on to the side walls as a protection 
against wind and drifting sand, weight 50 lbs. each. 

For khalasis and coolies —5 single-pole circular tents of green rot-proof canvas 14 ft. 
in diameter, with side-walls 1 ft. high, the side walls continued inwards for 2 ft. all round, 
weight 50 lbs. each. 

These 10 tents, which were supplied by the Company at the very nominal cost of 
Rs. 100 each, proved generally very satisfactory, although not thoroughly water-proof in wet 
weather. For his high camps, Major Wheeler and his coolies used a couple of the expedition 
light Whymper tents which were kindly lent by Colonel Bury. 

The detachment was inspected by the Surveyor General after its return to Darjeeling 
on 9th-11th November, when it was decided that the fair-mapping should be carried out as 
follows :— 

1.inch degree sheet 78 A.—No. 1 Drawing Office, Caleutta. 

1-inch degree sheets 71 H, L, and P, and 72 M—No. 2 Drawing Office, Dehra Dun. 

With the exception of an outbreak of enteric fever among the domestic staff, one of 
whom—Major Wheeler’s private servant—died at Tingri, the health of the detachment was 
excellent throughout the season. 

The out-turn of work during the seven months’ field season is as under :— 

l_inch Revision survey (sheet 78 A, Sikkim, ete.), 4,000 square miles. 

41-inch Original survey (sheets 71 H, L and P), 12,000 square miles. 

Detail Photo survey (environs of Mt. Everest), 600 square miles. 

The cost of the Survey Detachment up to 30th November amounts to Rs. 65,282, 
giving an average over-all cost-rate of Rs. 3-9 per square mile. 

The surveyors all worked splendidly under difficult and trying conditions. Major 
Wheeler had probably the hardest time of any member of the expedition, and the fact that he 
has succeeded in the face of such appalling conditions of wind and weather, in bringing back 
photographic material for the fair-mapping of 600 square miles of some of the most mount- 
ainous country in the world, is sufficient proof of his determination and endurance. 

I cannot conelude without a tribute to the very liberal and efficient manner in which 
the expedition was organised. Everything was provided which experience could suggest 
as likely to ensure the comfort or enhance the success of the enterprise ; while the cordial 
relations which were everywhere established with the Tibetans, and the happy atmosphere 
which prevailed among the individual members of the expedition, are eloquent testimony to 
the tact and ability of our genial leader, Colonel Howard Bury. 


”- 


@ Jt is very probable that other Tibetan and Nepalese names for the same peaks are current locally. 
The names, Mount Everest and Makalu, are already well known throughout the world and, after mach discussion 
and consideration, it has been decided to retain them on Survey of India maps. 


Photo fravure_ Sarvey of India Offices, Calcutta. 1932. 
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II.—ReEport ON THE TRIAL OF THE CANADIAN PHOTO-TOPOGRAPHICAL METHOD oF SURVEY. 
By Br.-Mayor E.O. WHEELER, M.C., R. E. 


A trial of this method was carried out with the Mt. Everest Expedition from May to 

October 1921; a camera and 38-inch theodolite, similar to those in use in 

Introduction. Canada, having been obtained from England early in the year. 

Although the method has been extensively applied elsewhere with marked 

success, particularly in Canada, it was doubtful whether it could be successfully employed in 

the deep narrow Himalayan valleys, and whether it could compete with the plane-table on the 
smaller (}-inch and 4-inch) svales. 

The instruments were received from England early in April. Considerable adjustment 
and alteration were found to be necessary, particularly in the case of the camera; and the usual 
tests for the horizon and principal lines, focal length, bubble readings, ete., had to be made. 
These preliminaries were carried out in Dehra Din before starting for Darjeeling. 


I reached Darjeeling on April 30th and proceeded with the expedition on May 18th tza 
the Dzalep La, Phari and Kampa Dzong to Tingri, which we reached on June 19th. 


Altogether, some five months were spent in the tield, of which three were employed on 
the site of the work and two in marching to and from the work and in developing and printing 
photographs, of which some 240 were taken in all. It seemed wise to develop in the field to 
ascertain that exposures were correct, and to guard against possible deterioration of plates 
on the return march through the damp climate of Sikkim. Prints of some of the negatives 
were made to assist in the identification of peaks when seen from new angles. 


Mt. Everest lies in latitude N. 27° 59’ 16”%-2 and longitude E. 86° 55° 39”-9 on the 

backbone of the main chain of the Himalaya and on the Nepal-Tibet 

Extent of work. boundary. It is flanked onthe west by a high group reaching to 26,67 ft.; 

to the north by a group reaching to 23,800 ft.; to the east by the 

Makalu group (27,790 ft.); and to the south by many high peaks. Permission to enter Nepal 

not being granted, only the area north of the boundary could be considered. A map which will 

explain Mt. Everest clearly and will show its connection with neighbouring mountains and 

with the drainage of its vicinity must include the mountain groups mentioned above. In 

fact, they, with Mt. Everest itself formone great mountain mass, the whole of which may 

best be described as the “ Everest Group”. This classification is borne out by the general 
topography of the area. 

About 20 miles west of Everest and immediately west of Pk. 26,867 (called locally Cho 
Oyu), the Ra Chu flows north from the Kangphu or Nangba La ion the Nepal-Tibet boundary) 
to Tingri where it joins the Phung Chu flowing east ; the Phung Chu after following an east-. 
erly course for some 65 miles turns south to flow throueh the main chain about 30 miles. 
east of Everest and close east of Makalu. About 20 miles north of the Nepal boundary, a 
tributary of the Ra Chu from the east gives a low pass to the Dzakar Chu, Howing down from 
Everest, first north and then north-east to join the Phung Chu about 30 miles north of the 
frontier. These two streams practically form the dividing line between the real mountains on 
the south and the hich rolling hills of Tibet on the north. The area south of these tivo 
streams and bounded east and west by the Phung Chu and Ra Chu respectively thus contains 
a mass of «reat peaks, including the groups referred to above, which culminate in Mt. Everest 
in the centre and which all drain eventually vza the Phung Chu through the Arun gorge into 
Nepal. 

This area seemed suitable for the experiment. It contained some 1,200 square miles 
of country—about a season’s work, given fine weather—and gave opportunities for photograph- 
ing all types of country from rolling hills with villages and cultivation, through steep gorges, to 
glaciers and tremendous snow and ice clad mountains. With Major Morshead’s approval, I 
therefore decided to tackle this area witha view to fair-mapping both on l-inch and 4-inch 
scale : the former is the most suitable scale for this method and for the detailed map asked for 
by the Royal Geographical Society. But it seemed desirable to plot also on the 3-inch scale to 
ascertain how far the method was suitable for ordinary small scale work and to enable “‘single 
ray’? work over a larger area to be tested. 
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My equipment was divided into four parts: 
(1). Surveying equipment, consisting of : 
Equipment. d-inch theodolite and stand, in canvas case, weight 27 Ibs. 
Camera in leather case, also containing 11 filled plate-holders, angle and 
exposure note books, pencils, waterproof cover for camera and theodolite ete., weight 30 lbs. 
18-inch square collapsible plane-tadle to fit on theodolite stand, 
and =: 12-inch sight-rule. 
With this was carried a Web Equipment pack containing 13 spare filled plate-holders, a measur- 
ing tape and a medical box containing bandages, ete., total weight about 30 Ibs. 

All the above loads were arranged to be carried on the shoulders like a rucksack, 
leaving the hands free for serious climbing. They were carried by three selected 
coolies who were fitted out with warm clothes, boots, blankets, snow vlasses, ice axes, etc. 
A climbing rope was added when necessary. The plane-table, which was plotted on }-inch 
scale, was used only for picking up triangulated points; a matter of some difficulty in high 
mountains where it is very easy to mistake one peak for another. After the first few days, 
the plane-table was not required, and only two coolies climbed with me, the third acting as 
spareman. At first I used ‘Paharis” from southern Nepal: but they were very unsatis- 
factory at high altitudes. I therefore substituted Bhotias, who proved to be much _ better 
both as regards altitude and picking up climbing wrinkles. 

(2). Mrgh Camp Equipment, consisting of : 

1 “Meade” tent for myself. 

1 “Whymper” for the three “high coolies” who remained with me. 

} Dark tent, for changing plates (not necessary on dark nights). 

1 Primus stove for my personal cooking. This was a two-burner “roarer’’ type 
which I found to work very satisfactorily up to 19,500 feet. Above that height, spirit 
stoves or a specially adapted Primus must be used. 

1 Petrol tin, filled kerosene oil. 

1] or more small tins methylated spirit. 

1 or more of the Expedition “high climbing boxes” of food, each caleulated to 
last one man for ten days, and weighing about 30 Ibs. 

A small supply of aluminium cooking pots and plates ete. 

Bedding, consisting mainly of down sleeping bags, a change of clothes ete. 

Spare photographic plates. 

Coolies’ rations, cow-dung fuel and blankets. 

With this equipment I slept 41 nights on moraines and glaciers at altitudes between 
18,000 and 22,000 feet. It was carried by 10%permanent coolies, who also acted as dAk runners 
and fuel gatherers, ete. They were not fitted out with warm clothes or light tents, and 
therefore had always to sleep at the main camp, only coming up to meas required; this 
considerably restricted my radius of action, but on the other hand reduced the number of 
-eoolies I had to maintain. To penetrate to the heads of glaciers of the size here met with 
however, it is essential to be able to camp at least 12 coolies on ice, and therefore to fit 
them with boots, warm clothes and mountaineering equipment. 

(3). Marn Camp Equipment, consisting of : 

1 Forty pound tent (single fly green canvas, with floor sewn in) for myself. 

| Bell tent for 10 coolies. 

} Kitchen and servant’s tent. 

Spare Photographie plates, clothes, food, mending gear ete. 

This was in charge of one khalasi. My cook-servant remained here and sent up cooked 
food as opportunity offered. Main camp was usually at the glacier snout at an altitude of 
16,500 to 17,500 feet. Local transport was used as required for moving this camp. 

(4). Base Equipment, consisting of : 

Spare photo plates, developing apparatus and chemicals, spare clothing, ete. 

Plates were packed in l-inch deal boxes (tin lined) to contain 9 dozen plates each. 
The plates (in dozens) were wrapped in thoroughly dried botanical paper, and the boxes 
soldered up before leaving Dehra Dun. Each box weighed about 32 Ibs. filled. 

The above arrangements were on the whole satisfactory. More mountaineering equip- 
ment and warm clothes for coolies for use if and when necessary, would however have bech 
‘ an advantage. 

On June 24th I moved up the Ra Chu from Tingri, and on the 26th, established 
my Base camp in Kyetrak village 20 miles south of Tingri, and one 
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Two fine days at the outset enabled me to identify 26,867 (Cho Oyu), 25,990 (Gya- 
chung Kang) and 23,440 (Gauri Sankar), and to photograph the lower glacier and upper 
valley. But for the succeeding three weeks the weather was bad and I was only able to take 
2 more stations on the west side of the valley, and 3 on the east. I waited some days in a 
light camp high ur the glacier in the hope of getting a station to overlook the Nepal side 
of the Kangphu La, but eventually was forced to abandon it, owing to shortage of time. 

On July 18th, after a fruitless attempt to establish a station on the peak overlooking 
the junction of the Ra Chu with its eastern tributary referred to above, I mcved into head- 
quarters, leaving my main camp at the bridge over the Ra Chu 6 miles below Kyetrak. 

On July 24th and 25th, after completing developing and printing to date, I moved 
back to the bridge and on to Chobu on the Dzakar Chu, with Expedition head-quarters. I 
had intended to try again for the station above the Ra Thu bridge, but as the weather still 
remained bad and seemed likely to continue so, I decided to push on up the Dzakar Chu 
towards Everest, to make certain of the more important portions of the work, returning 
afterwards to the bridge station if time allowed. 

Again fine weather on the first day enabled me to obtain a guod idea of the country 
from an 18,000-foot hill 3 miles south of Chébu and about 25 from Everest in an air line. 

The Dzakar Chu, up which there is a good track on the right bank as far as the snout 
of the glacier, (about 15 miles from Chébu) is a large unfordable stream, bridged only at 
Chiébu and at a very narrow gorge about 6 miles above. 10 miles from Ch6ébu is Chiling 
monastery, and above that only a few hermits’ cells. 3 miles above Chébu, a large stream 
from the Gyachung glacier and Gyachung Kang (25,990 ft.) joins the main stream on the left 
bank. My intention was to work up the right bank,»cross on the glacier, work down the 
left bank to the Gyachung Valley, up the latter to the Gyachung glacier, again cross the ice 
and down to Chébu. Accordingly, I moved my main camp first to the monastery, and then 
to the glacier snout, (17,500 feet) taking 2 stations on the right bank en route. But the 
weather went from bad to worse; I was never able to complete a station without sitting 
through one or more snow storms, and on one occasion, went up a 20,500-foot sta- 
tion three days running only to get some very indifferent photographs late on the third day. 
Great glaciers join the main Rongbuk glacier from the east and west about 3-4 miles above 
its snout. I was unable to penetrate to their heads; but secured sufficient photographs to 
map them fairly accurately. The east branch flows down from a col between the N.E. ridge 
of Everest and Pk. 23,800, and the west branch from an ice pass to Nepal south of Gya- 
chung Kang (25,990 ft.) past the end of the N.W. ridge of Everest. One station on either 
side of each glacier was taken, and one on each bank of the main glacier; and on the way 
down, one near the mouth of the Gyachung Chu, on the left bank of the main river. I was 
forced to abandon the Gyachung Chu altogether, except for views obtained at my first 18,000- 
foot station, and returning to my old station near the bridge over the Ra Chu was out of the 
question. On August 23rd I returned to Chéby, having had only one really clear morning 
in a month, and having occupied only 10 stations in that time. I had hoped while en route to 
Kharta, the new Expedition head-quarters, to take stations giving views up the Hlelung and 
various other valleys flowing north from the 23,000-foot group to join the Dzakar Chu; but 
the weather again prevented me, and I saw little but clouds all the way. 

I reached Kharta on August 27th, and spent 6 days there developing and printing. 

On September 3rd, I started with Morshead up the Kharta Chu towards the base camp 
at 17,500 feet, which had been established in preparation for the final attempt on Mt. 
Everest. On the 4th, we occupied a useful 16,600-foot station 5 miles up the river, and on 
the 5th, moved 7 miles to a camp in which we were held up for 6 days with bad weather, 
and which we finally had to leave without being able to occupy more than a very indifferent 
station, so as to reach the base camp in time to move on with the Expedition. 


Our hurry was unnecessary, for another 8 days were spent here, mostly in snow and 
cloud; two fine mornings however, enabled me to take useful stations on either side of the 
valley, and on September 19th, I moved up to “No.1 Camp” (about 20,000 feet) with 
Morshead, Mallory and Bullock, taking a station en route. The weather was now greatly 
improved, except for high winds, and I was able to get two stations done, one on either side of 
the valley before moving with the Expedition to“ Hlakpa La” Camp (22,200 feet) on 
September 22nd. It was too windy for work on the 22nd, but on the 23rd morning the 
wind died down somewhat and we occupied an excellent station, connecting up with my 
previous work in the east branch of the Rongbuk glacier. I found that both theodolite and 
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camera would remain steady with the tripod resting either on ice axes or bags of grain, 
although the snow was so soft that one sunk in half way to the knees. 

On the 23rd, I left my instruments at the 22,200-foot camp and went on with 
Mallory and Bullock to the foot of the North Col (between the Main and North Peaks of 
Everest) where we camped on the glacier at about 21,500 feet. We had first to descend 
some 1,500 feet of snow to the East Rongbiik glacier, and crossing the latter, ascend its 
tributary flowing down from between Everest and its North Peak. 

The morning of the 24th was bitterly cold, but we made a start about 7-30 a.m., 
with three coolies, and in 24 hours reached the north col (about 23,000 ft.) after a grind up steep 
soft snow. From the col we had an excellent view of the north ridge of Everest, but were 
unable to stay long or go further on account of the very strong wind blowing. 

The next day, we rejoined the remainder of the expedition at No. 1 Camp, picking 
up the instruments, ete., left on Hlakpa La en route. ‘he high wind persisted, making 
any further attempt on Mt. Everest quite out of the question. 

Next day, the 26th, Bury, Wollaston and I crossed a snow pass to the Karma Valley 
and camped at 16,500 feet at a grazing camp known as Peting Ringmo. I established a 
station en route, and another on the south side of the valley the following day. But the 
weather on the next few days was very bad and I could do no further work, though I spent 
the days on the tops of hills, hoping for the clouds to lift. The Karma Valley is by far the 
most beautiful I have been in, and it was with great recret that I left it on September 30th 
to return to Kharta rza the Shaok La, without having seen more than its upper reaches. 

4 days were spent in Kharta completing final development of plates; on October 5th 
I left with Bury and Wollaston, and arrived in Darjeeling via Lachen and the Tista Valley 
on October 20th. 

3 weeks were spent in Darjeeling printing photographs and making a rough 4-inch 
sketch map of Everest and its environs, which was completed before the end of November. 
Until the final map on the 1-inch scale is completed, it is difficult to say whether the method 
under trial will be suitable for this country or not; it is undoubtedly more suited to a 
country like Canada with broad open valleys and comparatively low peaks, but at the same 
time has many advantages over the plane-table in intricate country. Its greatest advantage 
is probably that of being able to compare at leisure several photographs from different points 
of view, instead of having to sketch on the spot, in all weathers, and often largely from 
memory, the complicated jumble of peaks and glaciers and valleys which comprise the 
greater part of the Himalayas. 

The area attempted had to be very greatly curtailed owing to the continuous bad 
weather experienced, data being collected for the mapping of some 600 square miles only. 
There is no doubt that the monsoon, as far as clouds are concerned, affects the northern as 
much as the southern slopes in this part of the range, though the actual precipitation on 
the north side would appear to be much less, 
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TRAVERSE SURVEY OF ALLAHABAD CITY. 
By Br. Lievt.-Cotonent S.W.S. Hamiton, D.s.0., R.E. 


In 1919 the Allahabad Improvement Trust decided that a large scale survey of 
Allahabad city and municipal area was essential before any improvements could be commenced. 
At the instance of the Governor of the United Provinces, the necessary traverse survey was 
-undertaken by the Survey of India and the Officer in charge No. 2 Party was instructed to 
carry out and supervise the work. Ata meeting held in Allahabad in November 1920 
between the Trust authorities and Bt. Lt.-Colonel S.W.S. Hamilton, D.S.O., R.E., it was 
decided that the scale of detail survey for the city and more congested areas should be 64 inches 
to one mile and for the remaining portion of the municipal area 16 inches to one mile. All 
preliminary arrangements were made and agreed to at this meeting. 

From the experience gained by the Lucknow Improvement Trust, it was known that 
considerable difficulty was found in preserving the traverse stations. In Lucknow, stone 
blocks 2 feet long by 4 inches square had been used but had almost all disappeared by the 
time the detail survey had been completed. In Allahabad therefore it was decided to use 
3 feet long by 1 inch diameter iron bars with a suitable cross head which would be difficult 
to remove. Except in main roads and thoroughfares, the same trouble has been experienced 
and latterly in the back areas 4 bricks embedded in the ground one on top of the other have 
had to serve, even these being occasionally removed and stolen. 

It was decided that the traverse for detail survey on the scale 64 inches to 1 mile in 
Allahabad city should be undertaken first as being the more important, and this was commenced 
in March 1921 under Mr. Mohammad Husain, Sub-Assistant Superintendent, with 4 traversers, 
after completion of the party’s own programme of traverse survey for its normal topographical 
work. This avoided the uneconomical arranvement of dividing the available traversers into 
two separate and far-distant camps and also allowed time for the iron pegs for traverse stations 
to be manufactured. 

A preliminary reconnaissance was carried ont by Mr. Muhammad Husain before the 
normal work of the party was completed and a line of traverse was brought along the railway 
line from Birua Tower Station of the Gurwani Meridional series and connected to the old 
traverse station to check the old traverse data. | 

The traverse of the city proper was divided into 4 blocks which together covered an 
area of 4128 acres. Each block was further sub-divided into numerous sub-traverses of from 
18 to 30 acres in area according to the density of the population. 

The traverse of Block No. 1 was initiated at the junction of the Grand Trunk and 
Karela Bagh roads and was carried south along the latter te the southern limit of the city 
area. Proceeding eastward from this point it joined the left bank of the Jumna river at the 
Kakaria Ghat and was taken thence by the bank of the river and southern municipal boundary 
to the Jumna road and along this to its junction with Lowther road. Thence the line wag 
earried northwards along the latter to the railway bridge crossing the Grand Trunk road 
where it turned west and was closed on its initial starting point. 

The traverse of Block No. 2 was commenced from the Fort Cantonment boundary pillar 
No. | and being carried eastwards to the south-east corner of Kydeganj and thence north- 
wards was run alorg the municipal limit inside the cantonment boundary up to the junction 
of the Canning and Grand Trunk roads. Thence the traverse turned westwards along Canning 
road, the northern boundary of the area, to its junction with Lowther road and being carried 
southwards along Lowther road where it joined with Block No. 1 and eastwards along the 
Jumna Bank road was closed on its starting point at pillar No. 1. 

The traverse of Block No. 3 was taken off from block No. 2 at the junction of Lowther 
and Canning roads dnd carried westwards along the latter and thence along the Cawnpore road, 
which two roads here form the northern limit of the city area, to Cantonment boundary pillar 
No. | from whence the line runs south and thence east along Station road and is closed on the 
initial starting point of block No. 1. 

The traverse of Block No. 4 was started from cantonment boundary pillar No. | of 
block No. 3 and proceeded westwards along the railway, which here also forms the cantonment 
boundary up to the furthest and most western municipal limit where it turned southwards to 
the south-west corner of Beniganj. Thence it was taken eastwards along the southern boundary 
of the Nawa Purwa Kareli area and closed with block No. 1 on the Karela Bagh road. 
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The sub-traverses of blocks covered practically every street and road within the area. 
A very large number of off-sets was taken. ° 

The enstruments used were two 6-inch and two 5-inch theodolites by Messrs. Troughton 
and Simuns reading to 10 seconds and 20 seconds respectively. 

For method particular care was taken to centre the theodolite accurately over each 
traverse station. Two measures of each angle were taken. 

The cantonment boundary pillars were made stations of observation where convenient 
but were otherwise measured by off-set or intersected by the theodolite. 

Traverse stgnais.—F¥our traverse tripods of the pattern used by the Ordnance Survey 
of England were specially made for this work by the Mathematical Instrument Office at 
Calcutta, but they were found difficult to adjust easily and quickly and after a trial their use 
was abandoned in favour of the much quicker and easier signal of an ordinary large sized 
needle which was held over the mark and brought to a vertical position by the aid of the 
vertical wire of the theodolite. Only the very flat nature of the ground and the fact that no 
heights were required permitted the use of this signal and no disparagement of the traverse 
tripod 1 is intended. 

: Measurements were taken with 100-foot and 66-foot steel tapes 1/3rd and 1/dth of an 

inch wide respectively wound on a smill metal drum about 6 inches in diameter, and graduated 
to feet along the whole length. Measurements with the 100-foot tape were checked bv those 
with the 66-foot tape. The tape was carefully aligned along the ground from one peg to 
another until the next traverse station was reached where the measurement was read to the 
last complete foot and the remainder recorded to 1/10th of a foot. 

Off-sets were measured with 100-foot tapes similar to the above. The tapes were 
compared daily during the survey with the standard steel tape. 

The computation was carried out par: passu with the traverse in the field by 3 computers 
and has been done on the revenue system, the proving and balancing of error being done 
separately for each block by which the accumulation of error ts much reduced. 

As many as possible of the permanent stations of the old traverse were picked up, but 
the large correction applied in the old data has not been accepted. 

During recess the computation was completed together with the working out of the 
co-ordinates on the system of first in the series as origin and the preparation of 78 plot charts 
on the scale of survey (64 inches to 1 mile). These were handed over to the Chief Engineer 
to the Trust on the 11th August who came to recess quarters to receive them. 

The out-turn of traversing was 128:°94 linear miles in the area of 4,128 acres 
(6-45 square miles), while the number of stations at which the theodolites were set up was 2,259. 

The average angular error of the traverse is 4 seconds and the linear error per 1000 feet 
is 0°16. 

The traversing of the remaining areas for both the 64-inch and 16-inch scales of 
approximately 2 and 11 square miles respectively will be completed during the ensuing field 
season 1921-22. 
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SETTLEMENT OF THE BOUNDARY BETWEEN MYSORE STATE AND THE 
SOUTH KANARA DISTRICT OF THE MADRAS PRESIDENCY. 


By J. O'R. DoNAGHEY. 


On the lst January 1921, the following officers were deputed for the final settlement 
of the Mysore-South Kanara boundary :— 
Mr. T. Hanumantha Rau, representing the Mysore Darbar. 
» K. Raman Nayar, s ,, Madras Government. 
»» J. O’B. Donaghey, Survey of India officer. 

The work for the Survey officer was to determine the position of the line as pre- 
viously fixed and described by boundary commissioners in 1880-81 and 1904-06. 

Field work was commenced on the {9th February 1921 and about 24 miles of bound- 
ary were finally settled. Owing to bad weather which set in early in April 1921, field work 
was closed towards the end of the month. With the approval of the Madras Government 
and the Mysore Darbar, the work will be completed during the next field season. 

The demarcation work was carried out by the erection of cairns and a clearing where 
necessary along the boundary line. A survey record of the boundaf¥Y was prepared on 
sheets of the Madras forest survey on the 4-inch scale and a descriptive memorandum of the 
line was kept up. Considerable difficulties were experien-ed as regards labour and some 
very heavy jungle clearing was necessary along a section of the boundary which ran in a 
straight line from one hill top to another across most difficult and heavily wooded country. 

The Survey establishment consisted of one surveyor and !5 memials. 
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A—HISTORY AND GENERAL REPORTS. 


(Obtainadle from the Superintendent, Map Publication, 13, Wood Street, Calcutta). 
MEMOIRS. 


1. A Memoir on the Indian Surveys. By C.R. Markham, India Office, London, 1871. 
Price Rs. 5 or 10°. 
2, Ditto (second edition). By C.R. Markham, C.B., F.R.S., 
India Office, London, 1878. Price Rs. d-8 or 11‘. 
3. Abstract of the Reports of the Surveys and of other 
Geographical Operations in India, 1869-75. By C. R. 
Markham and C. E. D. Black, India Office, London. 
Published annually between 1871 and 1879. (Out 
of print). 
4, A Memoir on the Indian Surveys, 1875-1890. By C.E.D. Black, 
India Office, London, 1891. Price Rs. 5-8 or 11. 
ANNUAL REPORTS. 
Reports of the Revenue Branch. 1851-1877.—(1851-67 and 1869-70, out of print). 
Price Rs. 3 or 6°. 
Ditto Topographical Branch 1860-1877.—(Out of print). 
Ditto Trigonometrical Branch. 1861-1878.—(1861-71, out of print). 
Price Rs. 2 or 4°, 
In 1878 the three branches were amalgamated, and from that date onwards annual reports 
in single volumes for the whole department, are available as follows : — 


prem 1877-1900 (1877-79, 1887-88, 1895-96 and 1897-98, out of print) 
General Reports at Rs. 3 or 6° per volume. 
(from 1900-1921 (1902-04 and 1906-08, out of print) at Rs. 2or 4 per 


volume. 

From 1900 onwards the Report has been issued annually in the form of a condensed 
statement known as the “General Report’’ supplemented by fuller reports, which were 
called “Extracts from Narrative Reports” up to 1909, and since then have been styled 
‘“ Records of the Survey of India.” ‘hese fuller reports are available as follows :-— 

(a) “Extracts” Volumes at Rs. 1-8 or 3* per volume. 

1900-01— Recent Improvements in Photo-Zincography. G. 'T. Triangulation in Upper 
Burma. Latitude Operations. Experimental Base Measurement with Jiderin Apparatus. 
Magnetic Survey. Tidal and Levelling. ‘Topography in Upper Burma. Calcutta, 1903. 
(Out of print}. 

1901-02—G. '. Triangulation in Uppcr Burma. Latitude Operations. Magnetic Survey. 
Tidal and Levelling. ‘Topography in Upper Burma. ‘Topography in Sind. Topography in the 
Punjab. Calcutta, 1904. (Out of print.) 

1902-03—Principal Triangulation in Upper Burma. Topography in Upper Burma. 
Topography in Shan States. Survey of Sambhar Lake. Latitude Operations. Tidal and Levelling. 
Magnetic Survey. Introduction of the Contract System of Payment in Traverse Surveys. 
Traversing with the Subtense Bar. Compilation and Reproduction of Thana Maps. Calcutta, 
1905. 

1903-04—Magnetic Survey. Pendulum. Tidal and Levelling. Astronomical Azimuths. 
Utilization of old Traverse Data for Modern Surveys in the United Provinces. Identification 
of Snow Peaks in Nepal. Topographical Surveys in Sind. Notes on town and Municipal Surveys. 
Notes on Riverain Surveys in the Punjab. Calcutta, 1906. 

1904-05— Magnetic Survey. Pendulum Operations. Tidal and Levelling. Triangula- 
tion in Baluchistan. Survey Operations with the Somaliland Field Force. Calcutta, 1907. 

1905-O6— Magnetic Survey. Pendulum QOperations. Tidal and Levelling. Topo- 
graphy in Shan States. Calcutta, 19U8. 

1906-07 — Magnetic Survey. Pendulum Operations. ‘Vidal and Levelling. Triangu- 
Jation in Baluchistan. Astronomical Latitudes. Topography in Shan States. Calcutta, 1909. 

1907-O08—Mavnetic Survey. Vidal and Levelling. Astronomical Latitudes. Pendulum 
Operations. Topography in Shan States. Calcutta, 1910. 

1908-09— Magnetic Survey. Tidal and Levelling. Pendulum Operations. Triangula- 
tion. Calcutta, 1911. 

(b) “Records of the Survey of India” at Rs. 4 or 8 per volume, except where 
otherwise stated. 

Vol. I—19C09-1O0—Topographical Survey. Triangulation. Tidal and Levelling Operations. Geo- 

detic Survey (Astronomical latitudes and penduium observations), 

Magnetic Survey. ba sh, ... Calcutta, 1912. 
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ANNUAL REPORTS —( Continued). 
Vol. LI—1910-11—Topographical Survey. Triangulation. Tidal and Levelling Operations. Geo- 


detic Survey. Magnetic Survey. ... Caleutta, 1912. 
II11—1921-12—Topographical Survey. Triangulation. Tidal end Levelling Operations. Geo- 
detic Survey, Magnetic Survey. ... Calcutta, 1913. 
1V—19112-13--Hzplorations on the North-East Frontier —North Burma, Mishmi, Abor and 
Miri Surveys ae ... Calcutta, 1914. 


V—Jl912-13—Topographical Survey. Triensulation Tidal ead Levelling Operations. Geo- 
detic Survey. Magnetic Survey. Note on the relationship of the Him- 
alayas to the Indo-Gangetic Plain. ie ... Calcutta, 1914. 
VI—1913-13— Link connecting the wie eh of India and Russia Dehra Dun, 1914. 
VII—1913-14—Topographical Survey. Triangulation. Tidal and Levelling Operations. Geo- 
detic Survey. Magnetic Survey (Annual report and Government 

Committee’s report). Note on Scales and cost rates of Town plans. 
Calcutta, 1915. 
vini— } 1865-79— Part I) Explorations in Tibet and . Dehra Dun, 1915. 

1879-92— Part II J neighbouring regions Price of each part Rs. 4 or &. 
IX—1914-15—Topographical Survey. Triangulation. Tidal and Levelling Operations. 
Magnetic Survey. Criterion of strength of Indian Geodetic Triangu- 
lation. A traverse signal for City Surveys. The plains of Northern 
India and their relationship to the Himalaya Mountains by Colonel 
S.G. Burrard F. R.S. Report on Turco-Persian Frontier Commission. 
Calcutta, 1916. 
X—1915-£6—Topographical Survey. Tidal and Levelling Operations. Magnetic Survey. 
Mechanical Integrator for calculating Attractions (illustrated). Tra- 
verse Survey of the boundary of Imperial Delhi ... Dehra Dun, 1917. 
XI—1916-17—Topographical Survey. Triangulation—use of high trestle for stations and 
100-feet mast signals. Tidal and Levelling Operations. Magnetic 
Survey. Note on Basevi’s Pendulum  perations at Moré. Photo- 
Litho Office—New method of preparing Layer plates—Develop- 
ments and Improvements in preparing Tint-plates. Dehra Dun, 1918. 
XII—Notes on Survey of India Maps and the modern development of Calcutta, 1919. 


Indian Cartography. By Lt.-Col. W.M. Coldstream, R.E., 
Superintendent, Map Publication. Price Rs. 3 or 6. 


XIII—1917-18—Topographical Survey. Tidal and Levelling Operations. Magnetic Survey. 

Photo-Litho office—the Powder Process. Problem of the Himalayan and 

Gangetic Trough—Review by Dr. A. Morley Davies. Dehra Dun, 1919. 

X1IV—1918-19—Topographical Survey. Tidal and Levelling Operations. Levelling in Mesopo- 

tamia, Magnetic Survey. «. Dehra Dun, 1920. 

XV—1919-20—Topographicat Survey. Tidal work. Tidvellinzoptopoued new level net. 

Magnetic Survey. The Earth’s Axes and Figure by Dr. J. de Graaff 

Hunter (a paper read at the R. A. S. Geophysical Meeting). Report 

on the expedition to Kamet. Note on the Topography of the Nun 

Kun Massif in Ladakh ... ... Dehra Dun, 1921 

xVI— 1920- 2)— Topographical Survey. Tidal work. Levelling and Magnetic Survey. High 

Climbs in the Himalaya prior to the Reerost Expedition. Mt. Everest 

Survey Detachment Report, 192]. Traverse Survey of Allahabad 

city. Settlement of Boundary between Mysore anc South Kanara. 

Dehra Dun, 1922. 

“Notes of the Survey of India” are issued monthly. (Stocked in the Surveyor General’s 
Office, Calcutta). Price as 2 or 34, 


B—GEODETIC WORKS OF REFERENCE. 


(Obtainable from the Superintendent of the Trigonometrical Survey, Dehra Dun, U.P.) 
EVEREST’S GREAT ARC BOOK. 


1. An account of the Measurement of an Arc of the Meridian between the parallels of 
18° 3’ and 24° 7’. By Capt. George Everest. East India Company, London, 1830. (Out of print). 

9. An account of the Measurement of two Sections of the Meridional Arc of India, 
bounded by the parallels of 18° 3’ 15°, 24° 7' 11” and 29° 30' 48°. By Lt.-Col. G, Everest, 
F. R.S. East India Company, London, 1847. (Out of print). 

3. Engravings to illustrate the above. London, 1847. (Out of print). 


Vol. XVI.] APPENDIX. 129 
G.T.S. VOLUMES—tescribing the Operations of the Great Trigonometrical Survey, 


rice Its. 10-8 or 215 per volume, except where otherwise stated. 


Vol. I—Standards of Measure and Base-Lines, also an Introductory Account of 
the early Operations of the Survey, during the period of 1800-1830. 
Dehra Dun, 1870. (Out of print), 
Appendix No. 1. Description of the method of comparing, and the apparatus employed. 
Appendix No. 2 Comparisons of the Lengths of 10-feet Standards A and B, and determina- 
tions of the Difference of their Expansions. 
Appendix No. 8. Comparisons between the 10-feet Standards Ip lg and A. 
Appendix No. 4. Comparisons of the 6-inch Brass Scales of the Compensated Microscopes. 
Appendix No. §. Determination of the Length of the Inch [7.8] on Cary’s 3-foot Brass Seale. 
Appendix No. 6. Comparisons between the 10-feet Standard Bars Ig and A for determining 
the Expansion of bar A. 
Appendix No. 7, Final determination of the Differences in Length between the 10-feet Stan- 
dards Ip Ig and A. 
Appendix No. 8. On the Thermometers employed with the Standards of Length. 
Appendix No, 9 Determination of the Lengths of the Sub-divisions of the Inch [a.]. 
Appendix No. 10. Report on the Practical Errors of the Measurement of the Cape Comoria 


Base. 
II—A History and General Description of the Reduction of the 
Principal Triangulation. sig Dehra Dun, 1879. (Out of print). 


Appendix No. 1. Investigations applying to the Indian Geodesy. 

Appendix No, % ‘the Micrometer Microscope Theodolites. 

Appendix No, 8. On Observations of Terrestrial Refraction at certain stations situated on 

the plains of the Punjab. 

Appendix No, 4. On the Periodic Errors of Graduated Circles, &c. 

appendix No, §. On certain Modifications of Colonel Everest’s System of Observing intro- 
duced to meet the specialities of particular instraments. 

On Tidal Observations at Karachi in 855. 

An alternative Method of obtaining the Formula in Chapters VIII and 
XV employed in the Reduction of Triangulation,— Additional Formule 
and Demonstrations. 

Appendix No, 8. On the Dispersion of Circuit Errors of Triangulation after the Angles 
have been corrected for Figural conditions. 
Appendix No, 9. Correcticns to azimuthal Observations for imperfect Instramental Ad- 
justments, 
Appendix No. 10. Reduction of the N.W. Quadrilateral—the Non-Cirenit Triangles and 
their Final Figural Adjustments. 
Appendix No, 11. The Theoretical Errors of the ‘riangulation of the North-West Quadri- 
lateral. 
Appendix No. 12. Simultaneous Reduction of the N.W. Quadrilateral—the Computations, 
IlI—North-West Quadrilateral,—TVhe Principal Triangulation, the Base-Line 
Figures, the Karachi Longitudinal, N. W. Himalaya, and the Great Indus 
Series. i Dehra Dun, 1873. (Out of print.) 
1V—North-West Quadrilateral—The Principal Triangulation, the Great Arc— 
Section 24°-30°, Rahan, Gurhagarh and Jogi-Tila Meridional Series and the 
Sutlej Series. ... : Dehra Dun, 1876. 
1VA—North-West Quadrilateral—The Principal Triangulation, the Jodhpur 
and the Eastern Sind Meridional Series with the details of their Reduction and 
the Final Results. vat Dehra Dun, 1886. 


V—Pendulum Operations oss Cathie J.P. Basevi and W. J. Heaviside, 
and their Reduction. Dehra Dun and Calcutta, 1879. 
Appendix No. 1. Account of the Remeasurement of the Length of Kater’s Pendulum at 
the Ordnance Survey Office, Southampton. 
Appendix No, 2. On the Relation between the Indian Pendulum Operations, and those 
which have been conducted elsewhere. 
Appendix No. $3. On the Theory, Use and History of the Convertible Pendulum, 
Appendix No. 4. Onthe Length of the Seconds Pendulum determinable from Materiale 
now existing, 
Appendix No. 6. A Bibliographical List of Works relating to Pendulum Operations in 
connection with the Problem of the Figure of the Earth. 
ViI—South-East Quadrilateral—tThe Principal Triangulation and Simultaneous 
Reduction of the following Series:—Great Arc—Section 18° to 24°, the East 
Coast, the Calcutta and the Bidar Longitudinal, the Jubbulpore and the Bilaspur 
Meridionals. . : Dehra Dun, 1880, (Out of print.) 
ViI—North-East Quadrilateral—General Description and Simultaneous Reduc- 
tion. Also details of the following five series:—North-East Longitudinal, the 
Budhon Meridional, the Rangir Meridional, the Amua Meridional, and the 


Karara Meridional. cee Sie A Dehra Dun, 1882. 
Appendix No. 1. ‘The Details of the Separate Reduction of the Budbon Meridional Series 
or Series J of the North-East Quadrilateral. 


Appendix No, 
Appendix No.. 
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Appendix No. 2. Reduction of the North-East Quadrilateral, The Non-circuit Triangles 
and their Final Figural Adjustments. . 

Appendix No. 8. On the Theoretical Errors generated respeciively in Side, Azimuth, 
Latitude and Longitude in a Chain of Triangles, 

Appendix No. 4. On the Dispersion of the Residual Errors of a Simultaneous Reduction 
of several Chains of Triangles. 


Vol. VIII—North-East Quadrilateral—Details of the following eleven series :— 
Gurwani Meridional, Gora Meridional, Hurilaong Meridional, Chendwar Meri- 
dional, North Parasnath Meridional, North Maluncha Meridional, Calcutta 
Meridional, East Calcutta Longitudinal, Brahmaputra Meridional, Eastern Fron- 

, tier—Section 23°-26°, and Assam Longitudinal. ... Dehra Dun, 1882. 
IX—Telegraphic Longitudes—douring the years 1875-77 and 1880-81. 
Dehra Dun, 1883. 


Determination of the Geodetic Elements of Longitude Stations. 
Descriptions of Points used for Longitude Stations. 

Comparison of Geodetic with Electro-Telegraphic Arcs of Longitude. 
Circuit Errors of Observed Arcs of Longitude. 

Results of Idiometer Observations made during Season 1880-81. 
Situations of the Longitude Stations at Bombay, Aden and Suez. 
Survey Operations at Aden. 

Results of the Triangulation. 

. 4, Right Ascensions of Clock Stars, 


X—Telegraphic Longitudes—during the years 1881-82, 1882-83, and 1883-84. 
| Dehra Dun, 1887. 


1, Determination of the Geodetic Elements of the Longitude Stations, 


2, Descriptions of Stations of the Connecting Triangulation and of 
those at which the Longitude Observations were taken, 


On the Errors in AL caused by Armature-time and the Retardation 
of the Electric Current. 


On the Rejection of some doubtful Arcs of Season 1881-82, 

5. On the probable Causes of the Errors of Arc-measurements, and on 
the Nature of the Defects in the Transit Instruments which 
might produce them. 


XI—Astronomical Latitudes—dumng the period 1805-1885. Dehra Dun, 1890. 
XII—Southern Trigon—General Description and Simultaneous Reduction. Also 
details of the following two series:—Great Arc—NSection 8°-18°, and Bombay 
Longitudinal. sie A ae - Dehra Dun, 1890. 
XIlI—Southern Trigon—Details of the following five series :—South Konkan Coast, 
Mangalore Meridional, Madras Meridional and Coast, South-East Coast, and 
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Madras Longitudinal. me . Dehra Dun, 1890. 
xIV— South-West Quadrilateral— pains of Peineipal Triangulation and Simul- 
taneous Reduction of its component series. ; Dehra Dun, 1890. 


XV—Telegraphic Longitudes—from 1885 to 1892 and the Revised Results of 
Volumes IX and X: also the Simultaneous Reduction and Final Results of the 
whole Operations. ae see Dehra Dun, 1893. 
Appendix No. 1, Determination of the Geodetic Elements of the Longitude Stations. 

Appendix No, 2. On Retardation. (A numerical mistake was made in this appendix in the 
conversion of a formula from kilometres to miles: the conclusions drawn 
cannot therefore be upheld). 


XVI—Tidal observations—trom 1873 to 1892, and the Methods of Reduction. 
Dehra Dun, 1901. 
XVlII—Telegraphic Longitudes—during the years 1894-95-96. The Indo-European 
Arcs from Karachi to Greenwich. ie on Dehra Dun, 1901. 


Appendix No. 1. Descriptions of Points used for Longitude Stations. 
Appendix No, 2. The Longitude of Madras. 


XVIII—Astronomical Latitudes from 1885 to 1905 and the Deduced Values of 
Plumb-line Deflections. - wes Dehra Dun, 1906. 


Appendix No. I. On Deflections of the Plumb. line i in India, 

Appendix No, 2. Determination of the Geodetic Elements of the Latitude Stations of 
Bajumara, Bahak, Lambatach and Kidarkanta. 

Aprendix No. 3. Onthe (N-S) Difference exhibited by Zenith Sector No. 1. 

Appendix No, 4. On the Value of the Micrometer of the Zenith Telescope. 

Appendix No. 8. Onthe Azimuth Observations of the Great Trigonometrical Survey of India, 

Appendix No. 6. A Catalogue of the Publications ofthe Great Trigonometrical Survey of India, 

Appendix No. 7. On the combination weights employed. 


X1X—Levelling of Precision in India from 1888 to 1909. Dehra Dun, 1910. 


Appendix No, 1. Experiment to test the chanyves, due to Moisture and Temperature, in the 
Length of a Levelling Staff. 
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G.T.S. VOLUMES —(Continued). : ~ 
Appendix No. & Onthe erection of Standard Bench-Marks in India daring the years 
1904-1910. | 


Appendix No. 3 Memorandum on the steps taken in 19035-1910 to enable movements of the 
Earth’s crust to be detected, © 

Appendix No. 4. Dynamic and Orthometric corrections to the Himalayan levelling lines 
and circuit; and a conside7ation of the order of magnitude of possible 
refraction errors. 


The passage of rivers by the Levelling Operations, 


or 


Appendix No, 

Appendix No, 6. The Errors of the Trigonometrical values of Heights of stations of the 
principal triangulation. 

The effect on the spheroidal correction of employing Theoretical instead 
of Observed values of Gravity and a discussion of different formuls 
giving variation of Gravity with Latitude and Height. 


a) 


Appendix No. 


Appendix No. 8. On the discrepancy between the ‘Trigonometrical and spirit-level values of 
the difference of height between Dehra Din and Mussoorie. 


Vol. XIXA—Bench-Marks on the Southern Lines of Levelling. Dehra Den, 1910. 
Price Rs. 5 or 10. 
XIXB—Bench-Marks on the Northern Lines of Levelling. Dehra Dun, 1910. 


Price Rs. 5 or 105. 


SYNOPTICAL VOLUMES-—siving charts, descriptions of stations, and full synopses of 
coordinates and heights of all stations.and points fixed by Principal and Secondary Trian- 
gulation.* Price Ks. 2 or 4 per volume unless otherwise stated. 

Italic figures are in chronological order and refer to the Index Chart of the G. 7. Survey. 

North-West Quadrilateral 

Vol. I—The Great Indus Series (32). Dehra Dun, 1874. 

II—The Great Arc—Section 24°-30° (6). Dehra Din, 1874. ; 
IlJ—YVhe Karachi Longitudinal Series (25). Dehra Dun, 1874. 
IV—The Gurhigarh Meridional Series (23). Dehra Dun, 1875. 

V—The Rahun Meridional Series (33). Dehra Dun, 1875. 

Vi—The Jogi-Tila Meridional Series (37), and the Sutlej Meridional Series (45). 
Dehra Dun, 1875. 
VII—The N. W. Himalaya Series (22) and the Triangulation of Kashmir (36). Dehra 
Dun, 1879. 
VITA—The Jodhpur Meridional Series (62) and the Eastern Sind Meridional Series 
(6-4). Dehra Dun, 1687. 
South-East Quadrilateral 
Vol. VIII—The Great Arc—Section 18°-24° (8). Dehra Din, 1878. 
IX—The Jubbulpore Meridional Series (53). Dehra Din, 1878. 
X—The Bidar Longitudinal Series (43). Dehra Dun, 1880. 
X1I—tThe Bilaspur Meridional Series (58). Dehra Dun, 1880. 
XIi—The Caleutta Longitudinal Series (5). Dehra Din, 1880 
XITI—The East Coast Series (24). Dehra Dun, 1880. 
XIITA—The South Parasnath (1) and the South Maluncha Meridional Series (17), 
Dehra Dun, 1885. 
North-East Quadrilateral 
Vol. X1V—The Budhon Meridional Series (2). Dehra Dun, 1883. 
XV—The Rangir Meridional Series (4). Dehra Dun, 1883. 
XV1I—The Amua Meridional Series (3) and the Karara Meridional Series (12). Dehra 
Dun, 1883. 
XVII—The Gurwan Meridional Series (19) and the Gora Meridional Series (15). 
Dehra Dun, 1883. 
XVIII—The Hurilaong Meridional Series (21) and the Chendwar Meridional Series (14). 
Dehra Dun, 1883. 
XIX—The North Parasnath (27) and the North Maluncha Meridional Series (13). 
Dehra Dun, 1883. 
XX—The Calcutta Meridional (16) and the Brahmaputra Meridional Series (56), 
Dehra Dun, 1883. 
XXI—The East Caleutta Longitudinal (48) and the Eastern Frontier Series— 
Section 23°-26° (44). Dehra Duin, 1883. 
XX1II—The Assam Valley Triangulation, E. of Meridian 92° (55). Dehra Duan, 1891. 
(Out of print.) 
XXXV—The North-East Longitudinal Series (20) with the volume of charts. Dehra Dun, 
1909. Price Rs. 5 or 105. 
* Special charts can be supplied of those series for which no Synoptical Volumes are available, viz. :— all 
Burma, Chittagong and Baluchistan triangulation, the Assam Longitudinal, the Sambalpur Meridional. and the 
Gilgit Series, with a few recent secondary series in India. 
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SYNOPTICAL VOLUMES— (Continued). 
Southern Trigon 
Vol. XXIJI—The South Konkan Coast Series (11), Dehra lun, 1891. 
XXIV—The Mangalore Meridional Series (49). Dehra Dun, 1891. 
XXV—The South-East Coast Series (63). Dehra Din, 1891. 
XX VI—The Bombay Longitudinal Series (7). Dehra Dun, 1892. 
XX VII—The Madras Longitudinal Series (54). Dehra Dun, 1892. 
XXWVIJI—The Madras Meridional and Coast Series (46). Dehra Dun, 1892. 
XX1X—The Great Arc Meridional Series—Section 8°-18° (9). Dehra Dun, 1899. 
South-West Quadrilateral 
Vol. XXX.—The Abu Meridional Series (26) and the Gujarat Longitudinal Series (29). 
Dehra Dun, 1892. 
.XXXI—The Khanpisura Meridional Series (18). 
XXXII—tThe Singi Meridional Series (10). Dehra Dun, 1893. 
XXXITI—The Cutch Coast Series (35). Dehra Din, 1893. 
Addendum to the Cutch Coast Series, Indus delta, 
Dehra Dun, 1902. 

. &XX1IV—The Kathiawar Meridional Series (28). Dehra Dun, 1894. 

TRIANGULATION PAMPHLETS with charts, are now being issued for every 
square degree, giving the results of all minor triangulation, as well as that shown in Synop- 
tical Volumes. Price Re. 1 or 2° per pamphlet. Vide page 140. 

LEVELLING PAM PHLETS-—dgiving heights and descriptions of all Bench-marks, 
fixed by levelling of Precision in India and Burma. Each pamphlet embraces an area of 
4° x 4° and the numbering is the same as that of the corresponding sheets of the 1/M map 
of India. Each is illustrated by a map of the area. Price Rs. 2 or 4 per pamphlet 
except where otherwise stated. 


[Vol. XVI. 


Dehra Dun, 1893. 


(separate pamphlet). 


Pamphlet Nos. Latitude. Longitude. Published Pamphlet Nos. Latitude. Longitude Published. 
India 84 28°-—32° 64°—68° Dehra Din, 1916. India 68 24°—28° 80°—84° Dehra Din, 19]1. 
. 35 24°—28° 64° — 68° i 1911. » >:~CA dendum - 1920. 
7 88 32°—36° 68° — 72° s 1912. - 64 20°—24° 80°-84° - 1912, 
, 89 28°-32°  68°—72° : 1913. » 65 16°—20° 80°—8¢° , 19138, 
- » Addendum +s 1916. » 66 12°-—16° 80°-—84° is 1912. 
e 40 24°—28° 68° — 72° “e 1911. - 72 24°—28° 84° —88° or 1912. 
as 41 20°-—24° 68°—72° ° 4 1913, . » Addendum . 1920. 
a 48 32°-—36° 72°—76° e 1913. : 78 20°—24° 84°-88° a 1913. 
. » Addendum me 1915, ‘3 » Addendum os 1920. 
. 44 28°—32° 72° — 76? - 1920. ,, 74 16°—20° 84°-88° S 1913, 
- , Addendtm 1921, » 78 24°—28° gg8°—ge° i 1918, 
m 45 24°-—28° 72° — 76° ‘3 191], ‘: » *Addendum is 1916. 
» 46 20°-24° 72°76" : 1912. , 79 20°-24° 88°—92° 1912. 
- 47 16°—20° 72°—76° 2 1912, - ,» Addendum me 1916. 
” » *Addendum és 1915. - 83 24°—28° 98°—96° 1912,§ 
. 48 12°-16% 72°—76° ‘ 1912, 
» 49 8°-12° 72°—76° . 1911. Burma 84 20°-24° 992°-96° : 1918. || 
8&2 32°—36°  76°—80° ? 1912, 
‘s 58 28°-—32° 76° —80° . 1920. Sea 85 16°—20° 92°-96° re 1917. || 
» 84 24°-28° 76°—80° ‘ 1921.9  , 92 24°-28° 96°-100°_,, 1918. || 
» 8d 207-24" 76°—80° ‘ 1912. » 98 20°-24° 96°-)00° __,, 1917, |i 
co 306 16°—20° 76° ~ 80° ii 1912. , 94 16°-—20° 96°—100° 
zr > Addendum | 6 1919. i 1916. || 
nn 32 12°-16° = 76°—80° : 1919.¢ ,, 695 12°-16° 96°—100° 
58 8°—12° 76° — 80° a 1914. 


Levelling of Precision in Mesopotamia— 


Descriptions and heights of bench-marks, Dehra Din, 1919. 
TIDE TABLES— 
Since 188] Tidal predictions based on the observations of the Survey of India have 


been published annually by the India Office, London. 


Price Rs. 3 or 6'. 


The tables give the time and height of 


high and low water for every day in the year at each port, and are published early in the 
Current tables are available for the following 41 ports :— 


Western Ports— 
Suez (Egypt)— Basrah— Perim— A den— Maskat— Bushire—Karachi—Okha Point and Bet 


previous year. 


Harbour (Gulf of Cutch)—Porbandar—Port Albert Victor (Kathiawar)—Bhavnagar— Bombay 
(Apollo Bandar)—Bombay (Prince’s Dock)—Marmagao (Goa)—Karwar—Beypore (near 
Calicut )—Cochin—Minicoy (Indian Ocean)—Tuticorin— Pamban Pass (Island of Rameswaram), 


* Price Re. 1 or 2! f 2nd Edition. 
revised in 1918. || Heights revised. 


t 2nd Edition (revised and enlarged). 
{ 3rd Edition (revised with additions), 


§ Heights on pages 45 & 46 
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TIDE TABLES—( Continued). 

Bastern Ports— . 
Galle (Ceylon)—Trincomalee (Ceylon)—Colombo .Ceylon)—Negapatam— Madras— 

Cocanada— Vizagapatam—False-Point—Dublat (Sagar Island)—Diamond Harbour— Kidderpore 

(Calcutta)—Chittagong—Akyab—Diamond Island (Burma )—Bassein—Elephant Point (Burma) 

—Rangoon—Amherst—Moulmein—Mergui—Port Blair. 


The Tide Tables are issued in the following forms :— 

(i) Combined Volume—including all the above ports (except Basrah)— 
Price Rs. 6 or 125, 

(ii) Part I and Part [I—including Western and Eastern ports respectively— 
Hach part Rs. 3 or 65. 

(iii) Pamphlets—giving separately the tables for individual ports or for small 

local groups of ports—Price varying from As. 8 or 1° to Re. 18 or 3! per 
pamphlet. 


C—CATALOGUES AND INSTRUCTIONS. 


(Obtainable from the Superintendent, Map Publication, 13, Wood Street, Calcutta). 
DEPARTMENTAL ORDERS.— 


rom 1878 to 1885 the Surveyor General’s orders were all issued as “ Circular 
Orders.” Since then they have been classified as follows :— 


1—Government of India Orders (called “Circular Orders” 
up to 1898.) 

2—Departmental Orders (Administrative). 

3— Departmental Orders (Professional). 

In 1904 the various orders issued since 1878 were reclassified as follows :-— 

Number to date. 


From 1885 to 1904 as f 


1.—Government of India Orders.— 768 
2.—Circular Orders (Administrative).— 396 
3.—Circular Orders (Professional).— 196 


4.—Departmental Orders. (appointments, promotions, transfers, etc.) 
These are numbered serially and had reached the above numbers by September 1921. 
Government of India Orders and Circular Orders (Administrative) are bound up in volumes 
from time to time, as shown below, while Circular Orders (Professional) are gradually incor- 
porated in the Survey Hand-books. Besides the above, temporary orders have been issued 
since 1910 in the form of “Circular Memos.” These either lapse or become incorporated 
In some more permanent form, and are therefore only numbered serially for each year. Bound 
volumes of orders are available as follows:— 
1. *Government of India Orders (Departmental) 1878-1903.—Calcutta, 1904, 


Ditto ditto 1904-1908.—Caleutta, 1909. (Out of print). 
Ditto ditto 1909-1913.—Calcutta, 1915. 
Ditto ditto 1914-1918.—Caleutta, 1920. 
2. *Circular Orders (Administrative) 1878-1903. —Calcutta, 190+. 
Ditto ditto 1904-1908.—Caleutta, 1909. 
Ditto ditto 1909-1913.—Caleutta, 1915. 
Ditto ditto 1914-1918.—Caleutta, 1920, 


3. * Regulations on the subject of Language Examinations for Officers of the Survey of 
India. Calcutta, 1914. 

4. “Map Publication Orders 1908-1914 (Superintendent, Map Publication’s Orders,)— _ 
Calcutta, 1914. 


5. Specimens of papers set at Examinations for the Provincial Service.—Dehra Dan, 
1903.—(Out of print). 
CATALOGUES AND LISTS. 
oh atalogue of Maps published by the Survey of India, Corrected to Ist January 
1921, Calcutta, 1921. Price Re. 1 or 2:. 

NOTE.— Lists of new maps published during tach month appear in the month- 
ly NOTES OF THE SURVEY OF INDIA. These monthly lists 
are also issued separately, " 

2. Catalogue of Maps of the Bombay’Presidency, Calcutta, 1913. Price As. dor 64, 

3. List of the publications of the Survey of India ( published annually)—Dehra 
Dun. Gratis, 

4. Price List of Mathematical Instrument Office. Calcutta, 1921, Gratis, 

5. Catalogue of Books in the Head-Quarters Library, Caleutta, 1901. (Out of print). 


* For Departmental use only, 
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6. Catalogue of Scientific Books and Subjects in the Library of the Trigonometrical Survey 
Office. Dehra Din, 1908. Price Re. 1 or 2%. 
7. Classified Catalogue of the Trigonometrical Survey Library. Dehra Dun, 1921. Gratis. 
8. Green Lists— PART I—List of officers in the Survey (half yearly to dates 1st January 
and 1st July)—Caleutta. Price As. 6 or 94. 
PART [I—History of Services of Officers of the Survey of India 
(annually to date 1st July)—Caleutta. Price As. 8 or 1°. 
9. Blue Lists— Ministerial and Subordinate Establishments of the Survey of India. 
: PARY I—Head-quarters and Dehra Din offices (published annually to date Ist 
April)—Calcutta. Price Re. 1 or 25. 
PART [1—Circles and parties (published annually to date 1st January ).—Calcutta. 
Price Rs. 1-8 or 3. 
(Nos. 8 and 9 are stocked in the Surveyor General’s Office, Calcutta). 


TABLES AND STAR CHARTS. 


1. Auxiliary Tables—to facilitate the calculations of the Survey of India. Fourth 
Edition, revised. Dehra Dun, 1906. Price Rs. £ or 85 in cloth and calf, or Rs. 2or 45 in paper and 
boards. 

2. Auxiliary Tables—of the Survey of [ndia. Fifth Edition, revised and extended by 
J. de Graaff Hunter, M.A. In partse— 
PART I—Graticules of Maps. Dehra Dan, 1916. Price Re. 1 or 2. 
PART I[—Mathematical Tables. Dehra Dun, 1918. Price Re. 1 or 23. 
PART III—Topographical Survey Tables, (At press). 
8. Tables for Graticules of Maps. Extracts for the use of Explorers. Dehra Dua, 


1918. Price As. 4 or 6°. 
4. *Metric Weights and measures and other Tables, Photo-Litho Office. Calcutta, 


1889. (Out of print.) 
5. Logarithmic Sines and Cosines to 5 places of decimals. Dehra Dan, 1886. (Out of print). 
6. Lovarithmic Sines, Cosines, ‘langents and Cotangents to 5 places of decimals. Dehra Dan, 
1915. (Out of print). 
7. Common Logarithms to 5 places of decimals 1885. Price As. 4 or 64. 
8. ‘Table for determining Heights in Traversing. Dehra Dun, 1898. Price ds. 8 or 1. 
9. Tables of distances in Chains and Links corresponding to a subtense of 20 feet. Dehra 


Din, 1889. Price As. 4 or 6%. 
10. * Ditto ditto 10 feet. Calcutta, 1915. 


1l. * Ditto ditto 8 feet. Ditto. 
12. Star Charts tor latitude 20° N. By Colonel J. R. Hobday, I.8S.C. Calcutta, 1904. 


Price Rs. 1-8 or 3°. ; 
13. Star Charts for latitude 30° N. By Lt.-Col. S. G. Burrard, R.E., F.B.S. Dehra Dun, 


1906. Price Rs. 1-8 or 3. 

14. *Catalogue of 249 Stars for epoch Jan. 1, 1892, 
Dehra Dun, 1893. Price Rs. 2 or 4°. 

15. * Rainfall, maximum and minimum temperatures from 1868 to 1920, recorded at the 


Survey Office Observatory, Dehra Dun. (Revised.) 
OLD MANUALS. 


1. A Manual of Surveying for India, detailing the mode of operations on the Revenue 
Surveys in Bengal and the North-Western Provinces. Compiled by Captains R. Smyth and H. D. 


Phuillier. Calcutta 1851. (Out of print.) 
9 Ditto ditto ditto. Second Edition. London, 1855. 


fed 


(Out of print). } . | . 
3. A Manual of Surveying for India, detailing the mode of operations on the Trigonometri- 


cal, Topographical and Revenue Surveys of India. Compiled by Colonel H, L. Thuillier, C.S.I., 
FRS., and Lieutenant-Oolonel R. Smyth Third Edition, revised and enlarged. Calcutta, 1875. 


from observations by the Survey. 


(Out of print.) 
4. Hand-book, Revenue Branch. Calcutta, 1893. Price Rs. 2-8 or 5. 


SURVEY OF INDIA HAND-BOOKS. 
Leen r ene a rarer 
1, Hand-book of General Instructions, Fourth Edition. 


Rs. 3 or 6° . 
9. Hand-book, Trigonometrical Branch, Second Edition. Calcutta 1902. 


odo 


(Out of print.) 


Caleutta, LOL4. Price 


* For Departmental use only. 
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SURVEY OF INDIA HAND-BOOKS—(Coutirined). 


8. Hand-book of Trigonometrical Instructions.—Third Edition. Chapters, 
in pamphlet forms— 


Chapter VI—Levelling of Precision. Dehra Dun 1920. Price Re. 2 or 2s, 


4. Hand-book, Topographical Branch, Third Edition. Calcutta, 1905. (Out of 
print.) 

Oo. Hand-book of Topography.—Pfourth ‘Edition. Calcutta, 1911. Chapters, in 
pamphlet forms— | | | 


Chapter I—Introductory.—reprinted . with additions, 1921. Price As. 8 or 1’. 
1I—Constitution and Organization of a Survey Party.—reprinted, 1913. 
Price As. § or 1°, 
I1I—Triangulation and its Computation.—(Under revision), Price Re. 1 or 2*. 
1V—Traversing and its Computation.—reprinted, 1913. Price Re. 1 or 2°. 
V—Plane-tabling.—reprinted 1915. Price Re. 1 or 2. 
s VI—Fair Mapping.—reprinted 1917. Price Re. 1 or 2°. 
VIiI—tTrans-frontier Reconnaissance.—reprinted 1914. Price As, 8 or 1°, 
VilI—Surveys in time of war (not ready). 
TX—Forest Surveys and Maps.—reprinted 1914. Price As. 8 or I’. 
X—Map Reproduction.—reprinted 1919. Price As. 8 or 1°. 
XI—Geographical maps.—1917. Price As. 8 or 1". 


99 


” 


6. *Photo-Litho Office, Notes on Organization, Methods and Processes. By Major 
W.C. Hedley, R. #. Revised and amplified by Capt. S.W.S. Hamilton, R. FE. Calcutta, 1914. 


7. The Reproduction (for the guidance of other Departments), of Maps, 
Plans, Photographs, Diagrams, and Line Illustrations. Caleutta, 1914. Price Rs. 3 or 6". 


NOTES AND INSTRUCTIONS. 
Drawing and Paper. — 

1. *Notes on Printing Papers suitable for Maps, and on Whatman Drawing Paper. By 
Major W. AL. Coldstream, R, E. Calcutta, 1911. 

Printing and Field Litho processes. | 

2, *Report on Rubber Offset Printing for Maps. By Major W. M. Coldstream, R. E. 
Calcutta, 1911. . 

3. *Notes on the “Vandyke” or Direct Zinc Printing Process, with details of Apparatus 
and Chemicals required for a small section. Compiled in the Photo and Litho Office, Survey of 
India. Calcutta, 1913. 

4. *Report on the Working of the Light Field Litho Press (experimental) in November 
and December 1910 with Appendices. By Lieutenant A. A. Chase, R. E., Caleutta, 1911. 

(1) Notes on some of the Methods of Reproduction suitable for the Field. 
(2) Suggested Equipment Tables for the Light Field Litho Press (experimen- 
tal). 

5. *Report ona trial of the equipment of the lst (Prince of Wales’ Own) Sappers and 
Miners for reproducing maps in the field. By Lieutenant A. A. Chase, R. E. Calcutta, 1912. 
(Out of print). 

Base Lines and Magnetic. 

6. *Notes on use of the Jiderin Base-line Apparatus. Dehra Dun. 1904. (Out of print). 

7. *Miscellaneous Papers relating to the Measurement of Geodetic Bases by Jiaderin Invar 
Apparatus. Dehra Dun, 1912. 

8. *Instructions for taking Magnetic Observations. By J. Eccles, M.A. Dehra Din, 1896. 
(Out of print). 

9. Rectangular Coordinates.—On a Simplification of the Computations relating to- 
By J. Eccles, M.A. Dehra Din, 191], Price Re. 1 or 2. 

10. *For Explorers.—Notes on the use of Thermometers, Barometers and Hypsometers 
with Tables for the Computation of Heights. By J. de Graaff Hunter, M.A. Dehra Dun, 1911. 
(Out of print). | 

11. Amended Instructions for the Survey and Mapping of Town Guide Maps. August 1919. 
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D—MISCELLANEOUS PAPERS. 


(Obtainable from the Superintendent, Map Publication, 13, Wood Street, Calcutta). 

UNCLASSIFIED PAPERS. 
Geography. 

1. A Sketch of the Geography and Geology of the Himalaya Mountains and Tibet (in four 
parts). By Colonel S. G. Burrard, R. E., F, R.S., Supdt., Trigonometrical Surveys, and H. H., 
Hayden, B. A., F. G. S., Supdt., Geological Survey of India. Calcutta, 1907-08. 

Part 1I.—The High Peaks of Asia. 
»  ILI.—The Principal Mountain Ranges of Asia. 
»  1II.—The Rivers of the Himalaya and Tibet. Price Rs. 2 or 4' per part. 
»  1V.—The Geology of the Himalaya. 

2. *Report on the Identification and Nomenclature of the Himalayan Peaks as seen from 
Katmandu, Nepal. By Capt. H. Wood, R. FE. Calcutta, 1904. 

3. Routes in the Western Himalaya, Kashmir, etc. By Lieut.-Colonel T. G. Montgomerse, 
R. E., F. R.8., F. R.G.S. Third Edition, revised and corrected. Dehra Din, 1909. (Out 
of print.) 

Exploration. 

1. Account of the Survey Operations in connection with the Mission to Yarkand and 
Kashgar in 1873-74. By Captain Henry Trotter, R.E. Calcutta, 1875. (Out of print). 

2. Report on the Trans-Himalayan Explorations during 1869. (Out of print). 

3. Report on the Trans-Himalayan Explorations during 1870. Dehra Dun, 1871. 
(Out of print). 

4. Report on the Trans-Himalayan Explorations during 1878. Culeutta, 1880. (Out 
of print). 

5. Exploration in the Eastern Karakoram and Upper Yarkand Valley. (Report of the 
work of the Survey of India Detachment with the De Filippi Scientific Expedition of 1913-14). 
By Lt.-Col. H. Wood R.E. Dehra Dun. (In the press). : 

Special Reports. : 

1. Report on the Mussoorie and Landour, Kumaun and Garhwal, Ranikhet and Kosi 
Valley Surveys extended to Peshawar and Kagan Triangulation during 1869-70. By Major 
T. G. Montgomerie, R.E. (Out of print). 

2. Report on the Recent Determination of the Longitude of Madras. By Capt. S. G. 
Burrard, R. E. Calcutta, 1897. (Out of print). 

3. *Keport on the Observation of the Total Solar Eclipse of 6th April 1875 at Camorta, 
Nicobar Islands. By Colonel J. Waterhouse. Calcutta, 1875. (Out of print). 

4, *The Total Solar Eclipse, January 22, 1898. Dehra Dun, 1898. 

(1) Report on the observations at Dumraon. 
(2) Report on the observations at Pulsaon. 
(3) Report on the observations at Sahdol. 

5. *Report on Local Attraction in India, 1893-94. By Captain S.G. Burrard, RE. 
Calcutta, 1895. (Out of: print.) 

6. *Report on the Trigonometrical Results of the Earthquakein Assam. By Captain S. G. 
Burrard. Calcutta, 1898. (Out of print.) 

7. *Noteson the Topographical Survey of the 1/50,000 Sheets of Algeria by the Topo- 
graphical Section of the “Service Geographique de l’Armee”. By Captain W. . 
Coldstream, R.E. Calcutta, 1906. 

8. *The Simla Estates Boundary Survey on the scale of 50 feetto 1 inch. By Captain 
E.A. Tandy, R.E. Calcutta, 1906. 

Geodesy. 

1. Notes on the Theory of Errors of Observation. By J. Eccles, M.A. Dehra Dun, 1903. 
Price As, 8 or I'. 

29. *Note on a Change of the Axes of the Terrestrial Spheroid in relation to the Trian- 
gulation of the G.T. Survey of India. By J. de Graaff Hunter, M.A. Dehra Duan. 
(Out of print.) Now incorporated in Professional Paper No. 16. . 

3. Report on the Treatment and use of Invar in measuring Geodetic Bases. By Capt. 

H. H. Turner, R. E. London. 1907. Prece As. 8 or I. 
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Projections. 
1, On the projection used for the General Maps of India. Dehra Duan, 1908. (Out of 
print). 


2. *On the deformation resulting from the method of constructing the International 
Atlas of the World on the scale of one to one million. By Ch. Lallemand. Translated 
by J. Eccles, M.A., together with tables for the projection of 1/M Maps on the 
International system. Dehra Dun, 1912. (Out of print). 

Mapping. 

1. *A Note on the different methods by which hills can be represented upon maps. 
By Colonel S.G. Burrard, CS.I., R.E.. F.RS., Surveyor General of India. Simla, 1912. 

2. *A Note on the representation of hills. Buy Major C. L. Robertson, C.M.G., R.E. 
Dehra Dun, 1912. 

3. *A Note on the representation of hills on the Maps of India. By Major F, W. Pirrie, 
I.A. Dehra Dun, 1912. 

4. ®A consideration of the Contour intervals and Colour Scales best suited to Indian 
1/M maps. By Cuptain M. O'C. Tandy, R.E. Calcutta, 1913. (Out of print). 

PROFESSIONAL PAPERS—Price Rupee 1 or 2 per volume, except where otherwise 
stated. 
No. 1—Projection—On the Projection for a Map of India and adjacent Countries on 
the seale of 1: 1,000,000. By Colonel St. G.C. Gore, R.E. Second Edition, 
Dehra Dun, 1903. 

No. 2 *Base Lines—Method of measuring Geodetic Bases by means of Metallic 
Wires. By M. Jaderin. (Translated from Mémoires Présentés par Divers 
Savants @ 0 Académie des Sciences de Ulnatitut de France). Dehra Dun, 1899, 
(Out of print.) 

No. 3—Base Lines—Method of measuring Geodetic Bases by means of Colby’s 
Compensated Bars. Compiled by Lieutenant H. McC. Cowie, R. E. Dehra 
Dun. 1900. (Out of print.) 

No. 4—Spirit-levels—Notes on the Calibration of Levels. By Lieutenant E. A. 
Tandy, R. E. Dehra Dun, 1900. (Out of print.) 

No. 5—Geodesy—tThe Attraction of the Himalaya Mountains upon the Plumb-Line 
in India. Considerations of recent data. By Major S. G. Burrard, RB. £. 
Second Edition. Dehra Dun, 1901. Price Bs. 2 or 4°. 

No. 6—Base Lines—<Account of a Determination of the Co-efficients of Expansion 
of the Wires of the Jaderin Base-Line Apparatus, By Captain G. P. Lenox- 
Conyngham, R. E. Dehra Dun, 1902. (Out of print.) 


No. 7—* Miscellaneous. Calcutta, 1903. 
(1) On the values of Longitude employed in maps of the Survey of India. 
(2) Levelling across the Ganges at Damukdia. 
(3) Experiment to test the increase in the length of a Levelling Staff due to 

moisture and temperature. 
(4) Description of a Sun-dial designed for use with tide gauges. 
(5) Nickel-steel alloys and their application to Geodesy. (Translated from 
the French). 

(6) Theory of electric projectors. (Translated from the French). 

No. 8—Magnetic—Experiments made to determine the temperature co-efficients of 
Watson’s Magnetographs, By Captain H. A. Denholm Fraser, R. E. Calcutta 
1905. 

No. 9—Geodesy—An Account of the Scientific work of the Survey of India and a 
Comparison of its progress with that of Foreign Surveys. Prepared for the 
use of the Survey Committes assembled in 1905. By Lieutenant-Colonel 8. G. 
Burrard, R. E., F.R.S. Calcutta, 1905. 


No. 10—Pendulumns—The Pendulum Operations in India, 1903-1907. By Major 
G. P. Lenox-Conyngham, R. E, Dehra Dun, 1908. Price Rs. 2-8 or 5. 


No. 11—Refraction—Observations of Atmospheric Refraction, 1905-09. By H. G, 
Shaw, Survey of India, Dehra Dun, 1911. (Out of print.) 


No. 12—Geodesy—On the Origin of the Himalaya Mountains. By Colonel 8. G. 
Burrard, C.8.1., Rk. E., F.R. 8. Calcutta, 1912. 


No. 183—Isostasy—Investigation of the Theory of Isostasy in India. By Major H. L, 
Crosthwait, R.E. Debra Dun, 1912. (Out of print.) 
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PROFESSIONAL PAPERS.—(Continued). 


No. 14—Refraction—Formulx® for Atmospheric Refraction and their application to 
Terrestrial Refraction and Geodesy. By J. de Graaff Hunter, M.A. Dehra 
Dun, 1913. Price Rs. 2 or 4. ; 

No. 15—Pendulums—tThe Pendulum Operations in India and Burma, 1908-13. 
By Captain H. J. Couchman, R. H. Dehra Dun, 1915. 

No. 16—Geodesy—The Earth’s Axes and Triangulation. By J.de Graaf Hunter, M.A. 
Dehra Dun, 1918. Price Bs. 4 or 8. 

No. 17—Isostasy— Investigations of Isostasy in Himalayan and Neighbouring Regions. 
By Colonel Sir 8S. G. Burrard, K.C.8S.1., R. £., F. RB. 8S. Dehra Dan, 1918. 
Price Re. 1 or 2. 

No. 18—Isostasy—aA criticism of Mr. R. D. Oldham’s memoir “ ‘The structure of the 
Himalayas and of theGangetic Plain”. By Lieut.-Colonel H. McC. Cowie, R.E. 
Dehra Dun, 1921. Price Rs: 1-8 or 3°. 

No. 19—Aerial Photography—Experiments in Aeroplane Photo Surveying. By 
Major C. G. Lewis, R.E., and Captasn H.G. Salmond (Late R.A.F.). Debra 
Dun, 1920. Price Rs. 1-8 or 3°. 

DEPARTMENTAL PAPERS SERIES. (for departmental use only.) 


No. 1—Type—a consideration of the most suitable forms of type for use on maps. 
By Captain M. O'C. Tandy, R. E. Dehra Dun, 1913. 

No. 2—Symbols—A review of the Boundary Symbols used on the maps of various 
countries. By Captain M. O’C. Tandy, R. £. Dehra Dun, 1913. 

No. 3—Maps— Extract from “The New Map of Italy, Scale 1: 100,000." By Luigs 
Giannttrapani. Translated from the Italian by Major W. M. Coldstream, R.E. 
Dehra Dun, 1913. 

No. 4—Town Surveys—A report on the practice of Town Surveys in the United 
Kingdom and its application toIndia. By Major C. L. Robertson, CM.G., R.E, 
Dehra Dun, 1913. 

No. 5— Stereo-plotter—TZhe Thompson Stereo-plotter and its use, with notes on the 
Jjield work. By Lieutenant K. Mason, R. E. Dehra Dun, 1913. 

No. 6—Levelling—Leveiling of High Precision. By Ch. Lallemand. Translated 
from the French by J. de Graaff Hunter, Al.A. Debra Dun, 1914. 

No. 7—Standard Bars—Bar Comparisons of 1907-08. By Major H. McC. Cowte, 
R. FE. Debra Dun, 1915. 

No. 8—Helio-zincography—Report on Kubber Off-set Flat bed Machine Printing. 
By Captain 8. W. Sackville Hamilton, R.E. Calcutta, 1915. 

PROFESSIONAL FORMS. 


A large number of forms for the record and reduction of Survey Operations are stocked 
at Debra Dun. A list of these can be obtained from the Superintendent of the Trigonometri- 
cal Survey, Dehra Dia, U. P. 


EXTRA-DEPARTMENTAL PUBLICATIONS. 


(Obtainable from Messrs. Dulau & Co., 37, Soho Sguare, Lundon, W., or Messrs- 
Harrison & Suns, St. Martin’s Lane, Loudon, or the Royal Society at Burlington House, 
London.) 
1. Philosophical Transactions, Series A, Volume 186, 1895. India’s Contribution to 
Geodesy, by General J. 1. Walker, R.E., C.B., F.RS., LL.D. 

2. Philosophical Transactions, Series A, Volume 205, pages 289-318, 1905. On the Inten- 
sity and Direction of the Force of Gravity in India, by Lieutenant-Colonel 
S.G. Burrard, R.E., ERS. 

3. Proceedings, Series A, Volume 90, pages 32-40, 1914. Onthe effect of the Gangetic 
Alluvium on the Plumb-Line in Northern India, by &. D. Oldham, F.B.S. 

4. Proceedings, Series A, Volume 91, pages 220-238, 1915. Ou the origin of the Indo- 
Gangetic trough, commonly called the Himalayan Foredeep, by Colonel Sir S. G. 
Burrard, B.C S.1., R.E., ERS. 

(Obtuinable from Charles ftobert Johnson at the offices of “ Engineering’, 35 and 36, 
Bedford Street, Strand, London WC.) 

5. Engineering, Aug. 20, Aug. 27, Sep. 3, 1915. Three comprehensive articles on 

“Comparators for the Indian Government” from areport by Major H. M. Cowse, 
Rk. E., Survey of India. 
(Obtainable from Messrs. Taylor & Francis, Led Lion Court, Fleet Strect, Loudon W C.) 
6. The Observatory, May 1920. A lecture on the Earth’s Axes and Figure by 
J. de Graaff Hunter, M.A., Survey of Indsa. 
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AGENTS FOR THE SALE OF INDIAN OFFICIAL PUBLICATIONS, 


LONDON. FOR MAPS ONLY. 


A. ConstaBLr & Co., 10, Orange Street, Leices- LON DON. 
ter Square, W.C. 

P. 8S. Kina & Son, 2 and 4, Great Smith Street, 
Westminster, 8S. W. 

Keaan Pau, Trencu, Trupyer & Co., 
68, Carter Lane, E.C. 

B. Quanitcn, 11, Grafton Street, New Bond 
Street, W. 


Henry S. Kina & Co., 65, Cornhill, F.C. 


Epwarp Stanrorp, Lrp., 12-14, Long Acre, 
W.C. 


GrinpbaY & Co., 54, Parliament Street, 8S. W. IND] 4a. 
T. Fisuer Unwin, Lrp., 1, Adelphi ‘Terrace, THacker, Spink & Co., No.3, Esplanade East, 
W.C. Calcutta. 
W. Tnacker & Co., 2, Creed Lane, Ludgate | Newsan & Co., No. 4, Dalhousie Square, 
Hill, £.C. Calcutta. 


Luzac & Co., 46, Great Russell Street, W.C, Tue Punsas Revicious Boox Society, Lahore. 


Burman & Co., Muzaffarpur, 


EDINBURGH. 


Oxiver anv Boyp, Tweeddale Court. 


THacker & Co., Lrp., Bombay. 
D. B. Taraporevata, Sons & Co., Bombay. 


Hitga@inporuam & Co., Madras. 


Tue Curator, Government Boox DrEport, 


: 
DUBLIN. Burma, Rangoon. 


e N Y, L 7 Il 3d f 5 t. i 
E. Ponsonuy, Lrp., 116, Grafton Stree THACKER, Spink & Co., Simla. 


CockBuRN AGENcy, Srinagar, Kashmir, 
OXFORD. 
B. H. Buackwe ut, 50 and Ol, Broad Street. 


CAMBRIDGE. 
Deiauton, BELL & Co., Lrp., Trinity Street. 


ON THE CONTINENT, 


Ervest Leroux, Rue Bonaparte, 
Paris a France. 


Martinus Nisuorr, lhe Hacue « Holland. 


Otto Harnrassowrrz, Leipzig 


Germany. 
EF RIEDLANDER AND SOHN, Berlin } y 
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DEGREE SHEET SERIES 
Scale 1 Inch to 4 Miles. 
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NOTE. 


1 THE NUMDEKS DENOTE THE SHEFTS OF THY INDIA AND ADJACENT 
COUNTRIES SERIES ON THE SCALE OF 1LO00Q000 


2. THE LETTERS DENOTE THE DEGREE SHEETS ON THE SCALF OF 
1 INCH = 4 MILES, CONTAINED WITHIN THE ABOVE 
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3 WHEN ORDEKLING A DEGREE SHEET ROTH THE NUMBEHK AND 
THE LETTER SHOULD KF QUOTRI; THUS THE DPGRER 
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REFERENCES TO COLOURS. 
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Sheets previously published from modern material rralachenrn 


Lrevuthe 


in colours from old material 
Pe gi published during 1920-21 


NOTE 
Sheets of which “ Provisional Issues"’ only have been printed 


in black, from quarter-inch Atlas Sheets or other old 
material, have not been shown on this index. 
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INDIA AND ADJACENT COUNTRIES SERIES 
Scale 1: 1,000,000. 


‘BINED ae) 7 $ “oUsy 


"IZ O28 4ved ayy 10) Jaodloyy ay) aauaysnyyt og 


LJ 
Y 
va 


pue 


qu 


uonsoygnd «zepun 


SIN SHAAAY 


poyst] 


qoad ejeeqs 


/ 


Vihy , 
4, /, 
4 1, Vf, 


‘000°000'}: | 30 efeog e432 UO 
3JQNOW Nd JIVNOILVNYSLNI 3LYVO 
3H1 JO SL3aHS 3HL OL X3ONI 


OOOl ST "A bbe ‘ON “FIN 


‘000'000'T: { JO STWOR VY? UO s#d[LJ9g #9}23UN0D JuaoUfpy 
PUE VIPAT aty3 JO S99qS JyI JO SlaquINU 9Y3 GIB $9193/9 U} BOINSy oy L 


wan 
8} AVQUIOg sapNiIu] YOIYA Iae48 OY2 “Oa ‘UO}3}90d #) 03 SuIpUodsali09 
Jequind puw 39329] [wuysseu ayi 4q Pomolfoy ( aseydsjmiey WIsayII0N ) N 
12339] 043 Aq Polwussep 8] Jays YOV™ “O00'N0N'L:1 aTeOg ‘POM 243 Jo dup 
TWUO}IVUIIIU! VYI JO S190q8 OQ) JO SUISIFM OY? MOYS SBUT] FOI? FUL 


“NOLLVNV1dX3 


iol eaaby Google 


6 


INTERNATIONAL SERIES 
e@ 
Seale 1:1,000,000, 


puey ul 
uoiecoiand sepun o * AJBAIWOEASOJ SZEOYsS ViSU3ad'S PN 
0} $1@23|U3NO SB }UaSaId O43 JO} PeYs!;qnd Ueeq aaey 
EEE en? eS eee 870048 GPYN Puke VIWVYLOdOS3W JO suo}jod'3 ey, 


‘$Z°OZ G1 4BOA By 4Oy WOMSY OYR G7BIISN| || OF “HK COU! 008 ne oor ove 0 Oo SINK 


3ON343i34 


Digitized by Google 


ee VA a = 
N ang ee = =, ma — 
Yv ae — 
| a et Se 000 
| N © a Sea! 9 a 
r | aaa ELE oy 
j / aT i = ~ . Pox, 
| a a ee. 
ae | ta ra “ups, Sees yf 
ie On a 0 
4 vy f 
— f (@) / 
ae ee / vu; / jj 
ss x / ) i ae q d / 4 
| ~ y 
4 ) fe == 7 i 
ig/ 
iz usp OR oS } 8 y/ 
| 74 


he 4 wt4tiny 
: LZ, 2S 


an ie 


; / u 
BY tt CN CY 
\ 


Js ee a ; — . 
a —_— 
3 


_ 
pee Cnoeers 
Pee 


~s Os. 
NY ‘ 
- = 
a a 
~ 


, 
. : 
_ . a= “4 ”" 
> Mh Pee de ae 
De OO : 
Se ef eee , 
”~ ts 
‘ 


:- 2 26 rose (2 ¢ yo = jj 


"fe - 


~ elyuy ) 


gaat o ee 
i BSaNIHO; 
eee gig i, v7 


B1VOS HINOITIW OML JGHi NO 


S3l8d3S VISV NYSHLNOS 


—ese - —+ eee meee © ~* «6 _—aowere 


7 


SOUTHERN ASIA SERIES 
Seale 1: 2,000,000, 


INDEX TO THE 
GREAT TRIGONOMETRICAL SURVEY 
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The numbers of the sheets of the 1:1,000,000 series are shown thus 


REFERENCES 


ZA 
Triangulation Charts in Old styi@. oo... cece ccecsesecsceeseeteeseees x WG % 
Do Pamphlets ( Prelimmlary)........ccsscseeeceseceseseseeees CJ Ag ‘ = 
Do Do (with topo data) oun... .ecccee cee croeees Ea “Cal ’ 
Do Do Addendum or Supplementary Data........ S : 
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Areas found to contain no G.T. Triangulation... 


Grid lines have been omitted between Degree Sheets published in one pamphlet 
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MAGNETIC SURVEY. 
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UBBULPOR 


Udaipur XXVII[ Sachin LIV Baran 
Karachi XXIX Bikaner LV Bina 
Quetta xxx Ajmer 
Bahawalpur LVI Indore 
Rawalpindi XXXI Mirpur Khas | LVIT Cawnpore 
XXXII Viramgam LVIIL Kathgodam 
Bharatpur XXXIII Dhond LIX Balasore 
Bangalore SELUV Hotgi LX Berhampur 
Dharwar p % & 4 | Guntakal 
Porbandar LXT Cumbum 
Fyzabad ZxxVI Arkonam LXII Chanda 
XXXVII Perambar LXLII Raipur 
Sambalpur XXXVIII Cannunore LXIV Amraoti 
Waltair XXXIxX Birar LXV Santahar 
Darjeelirg XL Miraj 
aya LXVI Laksim 
Secunderabad XLI Manmad LXVII Mandalay 
XLII Delhi LXVIIIl Myitkyina 
Bhusawal XLIII Sirsa LXIx Bhamo 
Jubbulpore XLIV Tinnevelly LXX Prome 
Tavo XLV Mandapam 
Te LXXI Baseei 
4 n 
= XLVI_ = Tanjore | LXXII | Monimein 
XLVII Parbhani LX XIII rmer 
Silchar XLVIII Bezwada 
: ; LXXIV Barrack pore 
Di rh XLIX Manikpur LXXxV Galle 
Port Blair L Monghyr 
Ruk Junction LXXVI _— Phulchari 
Lahore LI Sini LXXVII— Palasbari 
Lil Katarnian LXXVII[ Kalaw 
Peshawar Ghat LXXIx Kindat 
Kundian LIIL Bettiah LXXx Victoria Point 


72 "6° | 


Scale ——1 _ or 1-4 


, 15,000,000 
Digitized vy Google ga loo & 


To illustrate the Report for the year 1920-21 


ij 84 8g 92° 96° 100° 104 


DY DIA 
ae SHOWING THE 


& OBSERVATORIES & REPEAT STATIONS 


| OF THE 


anne 1921 


g 
aot ATR 
auanectes 


36 


a 


8rah aputrais 


The numbers of the sheets 


\ (4 oO 
y a of the 1: 1,000,000 Series are shewn thus...._._.. 48) 
) 
REFERENCES 

EYLON a eee 

LEXV 

° -@ fe) 
30 84 88 
1,018 Inches to 240 Miles. Heliozincographed at the Survey of India Offices, Dehra Dun 


wo 20000800 Miles Digitized by Google 


10 


Digitized by Google 


Digitized by Google 


pclae Google 


—— - =, aa = ae oe es 


THE UNIVERSITY LIBRARY 
UNIVERSITY OF CALIFORNIA, SANTA CRUZ 
SCIENCE LIBRARY 7 


This book is due on the last DATE stamped below. 
To renew by phone, call 459-2050. 
Books not returned or renewed within 14 days 
after due date are subject to billing. 


a a - : om + he os : i - ao aw al 
— - ~ - ~ a>! ~~ - e @ fe Oe 5 ad > 
- >. ~~ : 7 - ' 7 en ; 4 
= : : : LD - 
4 
a 
{ 
, : 
| 
‘ 
ef 
; ‘,! 
: : - / Leh 
> @ : 7 ' 
YY ae 
a = * — ad — «< r 7 - : 4 | 
7 a m a - ad a 7 7 7 - - ‘ 
= -_ a - ' if 
a = : a : : - . . ma 7 \ . 
= = 7 - - ; : * y 
: a) = ood i | ety 
a 4 = i | ’ 
ed ee a a So es ta | ee \! ¥ 
- : o- a a a = ~ - 7 - — - a = - = ae. 7 . i _ a = - ae. © = i Va —* 
- 7 cul —-_ . -—- et. v = @ =, a = 4 . ty *. « 
: . - > a : ’ ~~ aie 7 =e igo 7 ; a ae te : ae ee ~ OS } - ara at 3 
Se en een ee, a - 2-3; ee DN <a ] 
= Saga J a —" re = a = 7 any n= = me ae ee - ~~ — A. a n .*.5 +: Ws< > at " a) Te | jie 
ee eee” oe ae en re eg I es ee ee ee ee ee 
Wen vo » : = — , ~ 7 7 i Ng ee ae aa “= 2 = a "= ae @ > Sea ~ > : i oT 
- os - = -s a ee —. ° +> Te ~— Ww ale Cl oe bs = ee an ——- ono ? SS ® * 
ote ay — ——— aa 7 —* ee a ee oe -- _— A.*..2 = ie ny i . 7 _ 
ie % - - “ _ ated a, ma i a Sg eat a _ a .<. = = - a 4 
: — —— = 4 = oo” Ss cele -% eed ~~ 


ee 


: 
biLGb A’ db Me 


